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Introduction 


The phenomenon of bud inhibition by 
plant-growth regulators, reported by 
THIMANN and Sxkooec (16), has recently 
been utilized to bring about a delay in 
shoot growth of various species of horti- 
cultural plants. In general, these studies 
indicate that dormancy of tops of de- 
ciduous trees and shrubs can be pro- 
longed for one to several weeks by spray- 
ing the dormant twigs with naphtha- 
leneacetic acid and similar growth regu- 
lators in the concentration range of about 
0.01-0.1% (6, 8, 10, 12, 13). H1rcHcocKk 
and ZIMMERMAN (6) found that fairly low 
concentrations (0.02-0.04%) of potas- 
sium naphthaleneacetate were effective 
in delaying the opening of buds of fruit 
trees if applied during the preceding sum- 
mer. MARTH (8) prevented premature 
shoot growth of rose bushes in unrefriger- 
ated storage by exposing the dormant 
plants to vapors of ethyl and methyl 
esters of naphthaleneacetic acid in con- 
centrations of 0.3-0.4 mg. per cubic foot 
of air for 1-16 hours, depending upon the 
temperature. 

In preliminary experiments at the 
Beltsville Forest Laboratory, MAkt (7) 
found that leader development of red, 
shortleaf, and loblolly pines could be ar- 
tested for periods of from several months 
to a full growing season by soaking the 


‘Associate Physiologist, Southern Forest Ex- 
periment Station, New Orleans, Louisiana. The 
work was done at the Northeastern Forest Experi- 
ment Station, Philadelphia, Pennsylvania. 


tops of the seedlings for 24 hours in an 
aqueous solution of 1 gm./I. of indole- 
butyric acid when the new leaders were 
several inches long. Leaders of eastern 
white pine were killed by this treatment. 

The use of plant-growth regulators to 
delay leafing-out of hardwoods and to 
restrict shoot development of pines ap- 
peared to have several potential applica- 
tions in growing, storing, and planting of 
forest-tree seedlings. Consequently, a 
number of applied studies were conduct- 
ed between October, 1942, and October, 
1943, in a survey of the following possible 
benefits of inhibition of shoot growth: 
(a) Prevention of excess top growth of 
coniferous seedlings when they must be 
retained for an extra year in the nursery; 
(b) reduction of the ratio of transpiring 
to absorbing surface to increase the 
drought resistance of coniferous seed- 
lings; (c) extension of the period of dor- 
mancy of shoots in the nursery bed to 
prolong optimum stage for lifting and 
planting, and prevention of shoot growth 
of trees during storage; (d) delay of leaf 
emergence of trees after planting to re- 
duce transpiration while the roots are 
becoming established. 

The studies comprising this survey are 
divided for convenience according to (A) 
nursery-bed, (B) pre-storage, and (C) 
pre-planting treatments. 

To obtain additional information from 
the same tests, the growth regulators 
were frequently applied in carriers such 
as wax emulsion, which were intended to 
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serve also as protective foliage coatings. 
The application of wax emulsions to foli- 
age of trees and shrubs is reported by 
MILLER, NEILSON, and BANDAMER (9) 
and by CHADWICK (1) to result in higher 
survival after transplanting. However, 
SHIRLEY and MEuvti (14) detected no 
superiority in resistance to artificial 
drought among pine seedlings sprayed 
with emulsions of four wax and rubber 
preparations. 
Investigation 
A. NURSERY-BED TREATMENTS 
1. Seedlings 

PLAN OF EXPERIMENT.—The object of 
the nursery-bed treatments was to at- 
tempt to find a schedule of application of 
growth regulators which would partially 
inhibit shoot growth and thus produce 
trees of low top-root ratio suitable for 
planting during the subsequent growing 
season. The preliminary work by Maxi 
in 1942 indicated that one application of 
growth regulator in late spring halted 
leader development of pine seedlings, but 
that some species (loblolly and shortleaf 
pines) renewed leader growth later in the 
summer. Nine different spraying sched- 
ules were tried, therefore, involving both 
single and repeated sprays at monthly in- 
tervals from April through July, 1943, in 
an attempt to curtail shoot growth par- 
tially during the whole season. The trees, 
furnished by the Maryland Department 
of Forests and Parks in their College 
Park Nursery, consisted of one 260-foot 
bed of 3-0? red pine (Pinus resinosa Ait.), 
a similar bed of 2-0 table-mountain pine 
(P. pungens Lamb.), and a 30-foot bed 
of 1-0 loblolly pine (P. taeda L.) (fig. 1). 

2 Age classes of forest planting stock are custom- 
arily indicated by two figures, the first of which is 
the number of years in the seed-bed; the second, the 
number of years in the tran§plant bed. In forestry 
nursery practice, “stock” is a collective term for 
tree seedlings and transplants. 
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Treatments applied to red pine and 
table-mountain pine are shown in table 1. 
The loblolly pine bed was sufficient for 
only one trial of each chemical at one con- 
centration. Root pruning was included in 
the test in order to compare the inhibit- 
ing effect of pruning with that produced 
by growth regulators. 

PROCEDURE.—The nursery arrange- 
ment provided for two root-pruned and 
two unpruned bed sections, 4 feet wide 
and 60 feet long, for each of the two main 
species. The six combinations of chemical 
and concentration were randomized 
among six 10-foot blocks in each 60-foot 
bed section. The ten spraying schedules 
shown in table 1 were assigned to ten 
consecutive segments 1 foot long within 
each 10-foot block. 

Naphthaleneacetic acid and naphtha- 
lene acetamide were applied singly in 
concentrations of 200 and 600 gm./l. A 
mixture of equal parts of these two sub- 
stances with equal parts of naphthoxy- 
acetic acid and indolebutyric acid was 
applied also, in the same total concen- 
trations. Because foresters must deal 
with many species, mixtures of growth 
regulators rather than single compounds 
might eventually be found more depend- 
able for general recommendation. 

The growth regulators were all dis- 
solved in water containing 50 gm./l. of 
lanolin which had been emulsified with 
5 gm. of laundry soap. The lanolin con- 
centration was higher than the usual car- 
rier concentration of 5-10 gm./I. The 
level of lanolin selected was determined 
by current drought tests in the Shirley- 
Cass Lake drought machine (15) at the 
Beltsville Forest Laboratory. These tests 
showed that resistance of seedlings to 
artificial drought increased with increas- 
ing concentration of lanolin emulsion ap- 
plied as a protective coating, up to a level 
of 100 gm./l. or more. However, foliage 
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injury occurred when the concentration about 50 cc. per square foot of bed on 
was more than about 70 gm./l. In view April 23-24, May 20, June 19, and July 
of these findings it was desired to test, 21, 1943. At the time of initial applica- 
throughout spring and early summer, the _ tion, the terminal buds had elongated to 





Fic. 1.—General view of bed of red pine seedlings sprayed with growth regulators at various times 
during growing season. Photographed September 9, 1943. 


possible injurious effects of one to four an average length of 3~1 inch, except in 

applications of the protective coating, at loblolly pine, where they were only be- 

a concentration (50 gm./l.) which was ginning to swell. 

considered safe for foliage application. REsuLts.—All the 1-year-old loblolly 
The sprays were applied at a rate of _ pines were killed by the sprays in the one 
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concentration applied (600 mg./l.). The leaders and needles attained only about 
effects of treatment on red pine are two-thirds normal length. The mixture of 
shown in table 1. growth regulators was less effective than 


TABLE 1 


TOP CONDITION OF RED PINE SEEDLINGS IN NURSERY BED IN SEPTEMBER, 1943, AFTER SPRING 
AND SUMMER APPLICATION OF GROWTH REGULATORS 


MONTH OF SPRAYING 


Con- = = a 
Reson, CENTRA- Root BLOocK | Apeil May | Con- 
eee apace ais ., | April April May _| May | June | June | June = 
| (MG./L.) April ep May ‘has May Sane | Sal | July | 
| June July | | 
Mixture*.... 200 Unpruned I Aft! B F F B F F ¥r- | ¥2 A 
| 2 A F F F B F er | yo 2 A 
Pruned 3 B B F F i F F | F F A 
" 4 B B F I A F F | Ff F A 
Mixture f 600 | Unpruned I A D | -F I D I Yi Vr | ¥e A 
ee 2 B F F I D I F | F F A 
Pruned 3 E F I c I F | F F A 
7 4 \ E F I E I a M3 E A 
Naphthalene 
acetamide 200 Unpruned I A B F F B c Foi 2 ft Ye A 
sk 2 B E F F Cc E P ) aeete. 1k 
Pruned 3 B F F F ( E ee, oe A 
= 4 B E F F B E PY Yeu ee A 
Naphthalene 
acetamide 600 Unpruned I B 3 F F D F I Yr: | F A 
dy 2 B E F F D D I ee ee A 
| Pruned 3 B F F F D E I Vo: | 2 A 
| 4 B r F F D F I Yt) Yo) 2 
Naphthalene 
acetic acid 200 Unpruned I A F F Ir D F BP } Ye 18 A 
xs 2 B F I F D F EF |W | A 
| Pruned 4.| B I KF F D F a ee A 
4 | B E F F D E P i ¥e 1 A 
Naphthalene- 
acetic acid...| 600 Unpruned I A F F F F r I Y2 | 1 A 
- 2 B F F F E F I ¥2:|4 A 
Pruned ie & F F F F F I Yo |F { A 
se 4 A F F F F F I a aa ee a 


* Equal parts (50 mg./1.) by weight of naphthalene acetamide, naphthaleneacetic acid, naphthoxyacetic acid, indolebutyric acid. 
+ A: Normal. 

B: Half or more of trees slightly stunted; needles and leaders about two-thirds normal size. 

C: Most trees with needles less than one-half normal length; leader Jength nearly normal 

D: Practically all trees with needles less than one-half normal length; usually some trees dead 

E: Same as D, but about one-half of trees dead. 

F: Practically all trees dead 

Yr: Foliage somewhat yellowed; some trees dead. 

Y2: Foliage severely yellowed; many trees dead. 


Applications of naphthalene aceta- either of the naphthalene compounds; it 
mide and naphthaleneacetic acid in April resulted in stunting in only five of eight 
usually caused over-all stunting of the replications. 
new growth of red pine seedlings. Both The response to effective treatments 
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applied May 20, after needles had partly 
expanded, consisted mainly in stoppage 
of needle elongation (fig. 2). There was 
also a slight thickening of leaders, with- 
out much retardation of their growth in 
length. The solutions which inhibited 
growth without killing the trees were 200 





FIG. 2. 
1943 


mg./1. naphthaleneacetic acid, 600 mg./I. 
naphthalene acetamide, or 600 mg./I. of 
the mixture of indolebutyric acid and 
naphthalene compounds. Naphthalene- 
acetic acid at this stage was lethal in 
concentrations of 600 mg. 

Single treatments on June 19 had no 
observable effect on growth of red pine 
during the current season, for top de- 
velopment was practically complete by 
that time. However, all treatments ap- 
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plied then resulted in yellowing of the 
foliage and in death of some of the trees. 

Killing of the uppermost fascicles of 
old foliage was general among trees 
sprayed in May and occasional among 
trees sprayed in April. This injury was 
most severe on portions not shaded by 


Inhibition of needle growth of red pine by two sprayings (April and May) with 600 mg./I. of 
mixture of growth regulators in 50 gm./I. lanolin. Two untreated controls on left. Photographed July 27 


27> 


taller seedlings. The injury apparently 
was due to the lanolin coating where ex- 
posed to the summer sun. Although a 
coating of lanolin from spraying an emul- 
sion of 50 gm./]. usually was not found 
injurious to conifers planted in the field 
in the spring, it evidently is injurious to 
trees in compact nursery beds when ap- 
plied in hot weather. Cross-sections of 
red pine needles under a microscope 
showed penetration of lanolin through 
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the stomata when emulsions containing a concurrent study showed severe injury 
50 gm. or more per liter were sprayed on _ to transplanted trees by several single ap- 
leaves subjected to a temperature of plications of lanolin only. However, the 
96°F. growth regulators were partly responsi- 


TABLE 2 


TOP CONDITION OF TABLE-MOUNTAIN PINE SEEDLINGS IN NURSERY BED IN SEPTEMBER, 10943, 
AFTER SPRING AND SUMMER APPLICATION OF GROWTH REGULATORS 


| 

















| | 
Con- | = 
| CENTRA- Roor | ; 
CHEMICAL | Sat ok ih | Block | Apeil 
TION PRUNING | Apri be pri 
(MG /t.)| | April May | May 
| | : | June 
|___—_|__|__,__. 
Mixture*... | 200 Unpruned | « | Bt | B E 
és , 2 4A A B, I 
| Pruned =| 3 | A |B /E 
| fo“ } 4 {A |A |D 
Mixture...... | 600 | Unpruned I A E B 
2 A EK F 
| | Pruned | 3 | B D |F 
| fo a oe ee 
| | | 
Naphthalene | | | | | 
acetamide..| 200 | Unpruned | 1 | A |B | F 
re } 2}A |A F 
| | Pruned 3 |A |B |E 
| ) « |4 la Ja |B 
| | | | 
Naphthalene | | | | | 
acetamide. .| 600 Unpruned |} 1 B : a be 
; « 2|/A |E |F 
| Pruned 3 |B E | F 
“6 a fo® Cc iE 
| | | } | 
Naphthalene- | | | | | 
aceticacid..| 200 | Unpruned | 1 | A | E | F 
e 2|/A |E E 
Pruned 3 |A | D E 
_ 4 |A |\A,DE 
[ | 
Naphthalene- | | | | | 
acetic acid..} 600 | Unpruned | 1 | B, E) F | F 
[  « | 2 |B,EIF |F 
| Pruned | 3 |A |F |F 
| _ (4 A |E |F 


MONTH OF SPRAYING 





April } 
May May | at 
June | ~ = June foe | June | 
| July July 
I B | BEF |F 
r A "ee B B 
: Aj] F | Y1,B 
F A \ | B | V1 
r re F | F | V1 
F |C |E |F Y2,B 
F | A,D) F F F | 
F {Cc |F [F }F | 
eS 
B,E| A | B,E) F Y1 | 
F A ) B, E) F Yr, B) 
F A | AS | Yr Bi 
F A jC | C,E| A | 
ck a ag aw 
F C ieee Oe Sat Go 
F }A_|F |F | ¥1,B 
F | A,D) F F | Y1,Bi 
| | | 
| | | | 
y Ic 1? (F jm 
I } > E } I Y1,B 
E | A,D} F |F | Y2,B 
F | A E | F | Y1,B) 
| | | | 
F | D | F | F | Yo | 
F {|E |F [F |GE| 
F C E F | Y1,B) 
F D F | F | Y2,C 
} I | 





* Equal parts (50 mg./I.) by weight of sisal acetamide, naphthaleneacetic acid, naphthoxyacetic acid, indolebutyric acid 


t+ A: Normal. 
B 


Half or more of trees slightly stunted; needles and leaders about two-thirds normal size. 


Most trees with needles less than one-half norma! length; leader length nearly normal. 
Practically all trees with needles less than one-half normal length; usually some trees dead. 


( 

D 

E: Same as D, but about one-half of trees dead. 
F: Practically all trees dead. 

Yr: : oliage somewhat yellowed; some trees dead. 
Y2: Foliage severely yellowed; many trees dead. 


2 





Con- 
| June ee 
July | 
| 
|—— 
1A 
2, BI A 
| A 
I | A 
F |A 
F A 
F | A 
F [A 
¥2 | A 
Y1,B; A 
Fr A 
¥2 | A 
F |A 
Fr 1A 
F JA 
F [A 
} 
¥2 j 4 
| F | A 
Y2,B) A 
F A 
F |A 
F | A 
F A 
F | A 


Two or more applications of the nurs- ble, for the sprays containing the lower 
ery-bed sprays at monthly intervals concentration of growth regulator were 
usually resulted in killing the trees. The _ less injurious to the trees (table 1). 
Table-mountain pine (table 2) re 


injury may have been due to lanolin, for 
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sponded essentially as red pine, with one 
important difference. The leaders of 
table-mountain pine became irregularly 
curved as a result of treatment. At the 
end of the season these leaders were stif- 
fened into somewhat undesirable shapes. 
Unless this curving can be avoided by 
some modification of the treatment, the 
growth regulators may have no value for 
those pine species which respond in this 
fashion. Red pine, noted for its strong 
apical dominance and straight leader, re- 
tained its straightness after treatment. 
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resistance. Red pines were therefore 
sprayed in April and May, or in May 
only (1943), with 600 mg./1. of the mix- 
ture of growth regulators and lifted at 
the end of July of the same season for a 
test in the Shirley-Cass Lake drought 
machine. This machine consists essen- 
tially of a revolving circular table 6 feet 
in diameter inclosed in an insulated metal 
drum 4 feet in height. The plants rest on 
the revolving table and are exposed to a 
regulated temperature of 96°F., constant 
light intensity of about 200 foot-candles, 


TABLE 3 


SIZE AND WEIGHT OF TREATED AND UNTREATED RED PINE SEEDLINGS, 4 MONTHS AFTER MAY 
APPLICATION OF SPRAY CONTAINING 600 MG./L. NAPHTHALENE ACETAMIDE 








AVERAGE LENGTH 


AVERAGE DRY Tor-ROOT RATIO BAsIsS 
HEIGHT TO OF NEW LEADER 
WEIGHT (GM.) (DRY WT. BASIS) (NO. TREES 
BASE OF NEW (INCHES ) 
GROWTH — = — _ = 
INCHES) | | 
Treated Control | Treated | Control Treated Control Treated Control 
* - ~ | >» 2 
0.1-7.0.. 4.74 5-33 2.04 | g. 10 3-52 4.10 9 | 16 
7.1-8.0 5.85 5.91 4.05 | 10. 33 3.87 5.07 6 } II 
8. 1-9. 0. 5.84 6. 46 5.40 10.00 | 3.93 4.52 12 5 
Te 3g a i 
Average. .| 5.48 5-90 4.13 11.81 3-77 |} 4.50 9 II 


Measurements of a sample of red pine 
seedlings at the end of the season showed 
that treatment of the tops with 600 mg. 
of naphthalene acetamide per liter of 
spray in May had resulted in slightly less 
leader length, a moderately smaller top- 
root ratio, and a much lower dry weight 
per tree (table 3). 

The lower top-root ratio of treated 
seedlings was due chiefly to suppression 
of new foliage by the growth regulators. 
Treated seedlings had 60% lower root 
weight and 66% lower top weight than 
adjacent untreated trees. 

It seemed likely that the smaller foli- 
age area and lower top-root ratio result- 
ing from treatment with growth regu- 
lators might cause an increase in drought 


and wind velocity of several miles per 
hour. The table is driven by an electric 
motor at the rate of 6.6 revolutions per 
minute. Adjustment of a vent in the side 
of the drum permits humidity to be 
maintained close to the 20% level, after 
the initial high rate of transpiration has 
subsided. 

The trees were graded into four size 
classes, containing twelve trees per treat- 


ment, and potted individually in no. 2 


tin cans (fig. 2) containing sand adjusted 
to 5% moisture content. Examinations of 
the trees in the drought machine were 
made at 4-hour intervals (except one in- 
terval in early morning), and any trees 
which had reached the point of perma- 
nent wilting, as indicated by previous ex- 
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perience in reviving wilted trees, were 
removed from the machine. Results of 
the test, expressed as average survival 
time, are given in table 4. 

An analysis of variance (4) showed 
that differences between sizes of plants 
and between treatments were not statis- 
tically significant. This test demonstrat- 
ed that, despite the smaller foliage area 
of the seedlings with inhibited shoots, 
they were no more resistant to artificial 


TABLE 4 
SURVIVAL TIME OF RED PINE SEEDLINGS IN 
DROUGHT MACHINE, ACCORDING TO SIZE OF 
PLANT AND TIME OF APPLICATION OF SPRAY* 
AVERAGE SURVIVAL TIME 
(NO. OF 4-HOUR PERIODS) 


Month of 


SIZE treatment 
Con- | | 
ns \ | Mean 
nO" | April 
and | May 
May 
Large al S300 BOL8 | B00 | 30.9 
Medium large.......} 31.1 | 28.8 | 30.4 | 30.1 
Medium small 112653 | 28.2) 1 20.3: | 26.3 
Small. . WSR 29.0 | 22.1 | 28.0) 26.4 
Mean (all sizes)....| 30.7 | 27.3 | 29.5 | 29.2 


* Containing 600 mg./1. of mixture of equal parts of naphtha- 
lene acetamide, naphthaleneacetic acid, naphthoxyacetic acid, 
and indolebutyric acic 
drought than were: control seedlings at 
the time the test was made. 

In attempts to produce drought-resist- 
ant seedlings by inhibition of top growth 
with growth regulators, it is necessary to 
consider the possibility that top-pruning 
also might result in increased drought 
hardiness. If successful, the latter meth- 
od would probably be easier for the nurs- 
eryman than treatment with chemical 
sprays. Previous trials of top-pruning of 
seedlings of ponderosa pine (Pinus pon- 
derosa Laws.) by WAHLENBERG (17) be- 
fore field planting resulted in lower sur- 
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vival among pruned seedlings than 
among controls. These findings were 
checked by the drought-machine tech- 
nique, using second-year loblolly pine 
seedlings which had been top-pruned in 
late spring, 1943. Top-pruned and un- 
pruned seedlings from the same nursery 
bed were divided into comparable size 


TABLE 5 
SURVIVAL TIME OF TOP-PRUNED AND UNPRUNED 
LOBLOLLY PINE SEEDLINGS IN 
DROUGHT MACHINE 


AVERAGE SURVIVAL TIME 
(NO. 4-HOUR PERIODS) 


SIZE : 
Degree of pruning 





l Mean 


Severe | Light | None | 


| 


anos 





LATRC.....0545: 2930-| 26.31 a6:2'| 46.8 
Medium large. . 27.9| 33.0 | 30:4) 3364 
Medium small 32.2 | 36,6 | 4t.5) $7.8 
Small 30.1 | 42.3) 29.8 | 34.1 

Mean (all sizes) 7 fel ba sae Mes en oe 


} 
| 
MINIMUM SIGNIFICANT DIFFERENCES BETWEEN MEANS: 


Highly 
Criterion Significant significant 
(P-0.05) (P-o.01) 
Pruning treatment.... 9:2 | 4.2 
Size : : 3-7 4.9 
Combination of treat 
ment and size ey 6.4 8.4 


classes (table 5) and placed in the 
drought machine on August 18, 1943. 
An analysis of variance showed that 
effects of size class, of degree of pruning, 
and of the statistical interaction of size 
and pruning were all significant at the 
1% level. Severe top-pruning resulted in 
a distinct reduction in the resistance of 
the trees to artificial drought. As in the 
test of seedlings treated with growth 
regulators, the smaller foliage area of 
top-pruned seedlings did not confer 
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greater drought resistance. The new 
shoots which developed at or below the 
point of previous pruning were evidently 
lacking in drought hardiness, at least at 
the time of testing. 

Some additional top-pruned and un- 
pruned loblolly seedlings were sorted 
carefully to provide ten trees for each of 
the size and pruning combinations in 
table 5. The trees were transplanted in 
randomized rows in duplicate sand boxes 
which were watered for a week and then 
allowed to dry out slowly. After 
2 months, survival was 100% for un- 
pruned trees, 72% for lightly pruned 
trees, and 42% for heavily pruned trees. 

These supplementary experiments in- 
dicate that top-pruning definitely de- 
creases the drought hardiness of loblolly 
pine, at least for early fall planting, and 
support the findings of WAHLENBERG 
(17) on ponderosa pine. 


2. Transplants 

PLAN OF EXPERIMENT. 
ment treatments of seedlings with growth 
regulators in the nursery bed, a smaller 
test, involving transplants, was made 


To supple- 


concurrently under different conditions 
in another nursery at the Beltsville For- 
est Laboratory. This study included (a) 
single sprays applied to different trees at 
various times (semi-monthly) through- 
out most of the growing season, and (b) 
comparison of a commercial-wax emul- 
sion with lanolin emulsion as a protective 
coating and carrier of growth regulators. 
The test was designed to determine more 
closely the effect of time of application on 
response to growth regulators and pro- 
tective coatings and to show responses in 
trees transplanted individually rather 
than in compact nursery beds. 
PrRocEDURE.—Six hundred 2-0 lob- 
lolly pines and 600 3-0 red pines were 
transplanted April g and 14 to parallel 


rows, each containing 100 trees spaced 
6 inches apart. The following list shows 
the designation and composition of 
sprays used: 


1. Waxo. .Commercial-wax emulsion di- 
luted with three parts of 
water. 

2. Wax 200. .Wax emulsion with 200 mg. I. 


of the mixture of equal parts 
of naphthaleneacetic acid, 
naphthalene acetamide, naph- 
thoxyacetic acid, and indole- 
butyric acid. 

Wax emulsion with 600 mg./1. 
of the mixture of growth regu- 
lators. 

4. Lanolin o....Emulsion of 50 gm. of lanolin 
and 5 gm. of soap per liter. 
Lanolin emulsion with 200 
mg./l. of the mixture of 
growth regulators. 

Lanolin emulsion with 600 
mg./l. of the mixture of 
growth regulators. 


The commercial-wax emulsion, ac- 
cording to MILLER ef a/. (g), contained 
paraffin wax, bentonite, and a fatty acid 
emulsifier. Each spray was applied to ten 


3. Wax 600 


5. Lanolin 200 


6. Lanolin 600 


trees of each species at seven semi- 
monthly intervals from May 14 to Au- 
gust 17, and to six trees on October 4, 
1943. In each row, two unsprayed con- 
trol trees were left between the groups of 
trees sprayed at successive intervals. To 
obtain some information on the lethal 
limit, an additional lanolin emulsion con- 
taining 1 gm./|. naphthaleneacetic acid 
was applied to twelve extra trees of the 
second spray on May 29. 
RESULTS.—Growth regulators exerted 
a greater inhibiting action on new shoots 
when applied in wax emulsion than when 
applied in lanolin emulsion. Seedlings 
sprayed with growth regulators after 
elongation of the shoot but before emer- 
gence of the needles eventually had fewer 
needles emerging than contro) plants. 
The several sprays varied in effective- 
ness, from no inhibition by 200 mg./I. 
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growth regulators in lanolin emulsion to 
complete inhibition of needle emergence 
by 600 mg./I. in wax emulsion. 








e 

l'ic. 3.—Third-year loblolly pine transplant 
sprayed May 14 with 200 mg./l. of mixture of 
growth regulators in 1 part commercial-wax emul- 
sion to 3 parts water. Normal growth resumed 
after initial stunting. Photographed September 23, 
1943: 


In loblolly pine, inhibition of needle 
emergence was accompanied by curling 
of the new shoots, but most of the shoots 
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which were not severely injured had 
straightened up by the end of the season. 
Lanolin and wax emulsions without 
growth regulators had no effect on the 
emerging leaders. 

Growth regulators applied after the 
beginning of needle emergence checked 
the expansion of the needles after a few 
days and resulted in needles of about one- 
third normal length. A few trees of each 
species were killed by the sprays con- 
taining 600 mg./l. growth regulator. 
Nearly half of those sprayed with 
1 gm./l. naphthaleneacetic acid in lano- 
lin emulsion were killed 

The sprays of 200 and 600 mg./I. in 
lanolin or wax emulsion had no visible 
effect on red pine when applied after 
completion of needle elongation, except 
that all sprays containing lanolin (50 gm. 
lanolin and 5 gm. soap per liter), when 
applied on August 4, turned the foliage 
color of red pine to a yellowish green. 

Unlike red pines, loblolly pines nor- 
mally continue shoot growth through 
late spring and summer. Treatment of 
loblolly transplants with growth regu- 
lators as late as June, July, or August 
therefore resulted in modification of sub- 
sequent shoot growth. Frequently, when 
the emergence of needle fascicles was 
completely prevented by growth regu- 
lators, the scale leaf below each fascicle 
elongated. Shoots of loblolly pine thus 
modified resembled juvenile leaders 
which have single needles. 

Most of the loblolly seedlings which 
had been inhibited by growth regulators 
applied during the early stage of shoot 
elongation in May resumed normal shoot 
growth later in the season, as shown by 
the plant in figure 3. This initial inhibi- 
tion and subsequent resumption of leader 
growth would seem at first glance to be 
advantageous for the survival of planted 
trees during the first year in the field; top 
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growth might await the establishment of 
roots in the new environment, and then 
proceed normally. Results of field sur- 
vival studies to test this hypothesis are 
presented later. 


RESUME OF RESULTS OF A: NURSERY-BED 
TREATMENTS 

1. Modification of shoot growth of 2- to 3-year- 
old plants of red, loblolly, and table-moun- 
tain pines was brought about by sprays con- 
taining 200 mg. naphthaleneacetic acid, 
200-600 mg. naphthalene acetamide, or a 
mixture of several growth regulators per 
liter of wax or lanolin emulsion. 

2. These sprays, when applied just before shoot 
elongation, usually prevented emergence of 
most of the new needles but did not prevent 
the initial surge of leader growth. 

. When applied during the period of needle 
elongation, the 
needle growth. 

. Inhibited loblolly and _ table- 
mountain pines usually became curved, but 
red pine leaders remained straight after 
treatment. Loblolly pines with inhibited 
leaders resulting from treatment with growth 
regulators in the spring resumed normal 
leader growth during the summer. 

. Treated red pines with less than normal 
foliage area and low top-root ratio were no 
more resistant than untreated trees to arti- 
ficial drought during the season in which 
they were treated. Direct reduction of foliage 
area of loblolly pine by top-pruning actually 
decreased resistance of the plants to artificial 
drought applied several months after prun- 
ing. 

. Concentrations of growth regulator which 
resulted in definite inhibition of the new 
leaders of pine seedlings usually killed some 
of the plants. Indications are that one treat- 
ment with 600 mg./l. naphthaleneacetic 
acid is lethal to 1-year-old pine seedlings and 
that several such sprays will kill older seed- 


lings. 
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B. PRE-STORAGE TREATMENTS 
1. White ash and loblolly pine 


PLAN OF EXPERIMENT.—Prevention of 
budding-out of tree seedlings during 
storage by treatment with growth regu- 
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lators offers promise of improving sur- 
vival in the field after late planting. Be- 
cause no work of this kind had previous- 
ly been done on species used in forest 
planting, a rather broad study involving 
three dates of lifting from the nursery, 
three types of storage, two dates of plant- 
ing, and eight growth-regulator treat- 
ments was designed in an attempt to de- 
fine the conditions under which the treat- 
ments might be most beneficial in terms 
of field survival. Advantage was taken of 
Martn’s previous work (8) in selecting 
a fairly small number of chemical treat- 
ments which could be tried under the 
various combinations of storage condi- 
tions and storage schedules. 

The design of the experiment, includ- 

ing all chemical and storage treatments, 
is shown in table 7. The actual dates of 
lifting and treating the seedlings were 
December 1, 1942, and April 15-20, 1943; 
the dates of planting were’ May 11-15 
and June 16-17, 1943. Half the trees 
treated and stored in December and half 
of those treated and stored in April were 
planted in May, and those remaining 
were planted in June. All trees treated 
and stored in May were planted in June. 
The resulting five periods of storage, ap- 
plying alike to refrigerated, unrefriger- 
ated, and outdoor conditions, provided 
fifteen storage treatments, within each of 
which all the growth-regulator treat- 
ments were employed. 

PROCEDURE.—The gooo trees used in 
this experiment consisted of 1-o white 
ash (Fraxinus americana L.) and 3-0 
loblolly pine. The latter were spindly 
seedlings of low vigor which later proved 
extremely susceptible to the shock of 
transplanting. 

Spray solutions were prepared accord- 
ing to MARTH’s method (8). Naphtha- 
lenemethylacetate and a mixture of 
naphthalenemethylacetate, naphthalene 
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acetamide, and naphthoxyacetic acid 
were employed in total concentrations of 
100 and 600 mg./1. in 0.5 % commercial- 
wax emulsion. These solutions were ap- 
plied with a pressure sprayer to both tops 
and roots of the seedlings. 

Vapors of the same compounds were 
applied in a large sterilizer of 233-cubic- 
foot capacity and a special cylindrical 
chamber of 20-cubic-foot capacity, with 
water-sealed lid, at the Plant Industry 
Station at Beltsville Research Center. 
The growth regulators, in quantities of 
0.3 and o.5 mg. per cubic foot of chamber 
space, were mixed with alcohol and vola- 
tilized from a hot plate, as described by 
Martu. Trees were left in the chambers 
for 16 hours, at 60°-80°F., with roots 
packed in sphagnum moss. It was con- 
sidered necessary for purposes of this 
study to replace the vapor-saturated 
with fresh moss before storing the seed- 
lings, in order to reduce the danger of 
contamination among different treat- 
ments during storage. 

The common and cold-storage facil- 
ities were those at the station at Belts- 
ville. The controlled cold-storage room 
was maintained at 32°F. and at a relative 
humidity of 85-90%. In the common- 
storage shed (unrefrigerated) the tem- 
perature fluctuated around 40°F. in win- 
ter and rose to as high as 70°F. in the 
summer. The heeling-in bed, in sandy 
soil under a pine stand, was heavily 
mulched with pine litter. 

In mid-May and mid-June, seedlings 
of each species were planted in two series 
of replicate randomized blocks on a 
plowed area of sandy soil. Each block 
contained 150 rows, corresponding to the 
150 treatment combinations, with fifteen 
trees per row. Each block was subdivided 
into five randomized plots corresponding 
to the five storage schedules. 

Loblolly pines planted in May proved 
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to be in very poor vigor. Those left in 
storage until June had deteriorated so 
badly that only trees placed in cold stor- 
age in December and in April were saved 
for late planting. These seedlings from 
cold storage were utilized in a supple- 
mentary test of lanolin foliage coatings, 
for their poor vigor gave promise that 
any benefits from the foliage coatings 
would not be obscured by uniformly high 
survival. The 579 living loblolly pines 
available for the coating test were sepa- 
rated into two groups equally divided 
with respect to the original pre-storage 
treatments, and trees in one group were 
dipped from tip to root collar in an emul- 
sion of 50 gm. lanolin per liter of water. 
The seedlings were planted on June 17, 
with rows of lanolin-coated and uncoated 
trees completely randomized. 

Resutts.—Of the loblolly pine trees 
used in the supplementary test of lanolin 
coatings, the numbers surviving on dif- 
ferent dates are shown in figure 4. After 
3 weeks (July 5), mortality was 65% 
among coated trees and 91% among con- 
trols. Thereafter, more rapid mortality 
of the coated trees brought both groups 
essentially to equality of survival by the 
end of the season. The summer of 1943 
was extremely dry, with merely 23% of 
normal precipitation throughout’ July 
and August (table 6). 

Figure 4 shows that seedlings coated 
with lanolin emulsion had a definite ad- 
vantage during the early period of trans- 
planting stress; but the continued 
drought, affecting more and more unpro- 
tected new growth, gradually erased the 
initial advantage. Final judgment as to 
whether the initial advantage imparted 
by lanolin coatings would be maintained 
through a summer of more nearly normal 
precipitation must be withheld for the 
present. 

Effects of the growth regulators on 
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white ash were quite evident when seed- 
lings were removed from storage in May 


for the first planting (table 7). 
Untreated trees from common (unre- 
frigerated) storage bore numerous etio- 
lated new terminal shoots, some as long 
as 24 inches, whereas trees sprayed with 
600 mg. growth regulator per liter of 
wax emulsion bore none. Trees treated 
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Fic. 4.—Effect of dipping tops of 3-year-old 
loblolly pine seedlings in emulsion of 50 gm./]. lano- 
lin on seasonal trend of survival in field. 


with the low concentration of growth- 
regulator spray (100 mg./1.) and the high 
concentration of vapor (0.5 mg./cu. ft.) 
showed an intermediate stage of shoot in- 
hibition. Of the treated trees exhibiting 
shoot inhibition, the ones stored in the 
fall of 1942 usually had a number of 
short, stout, horizontal roots growing 
from the lower portion of the stem. Com- 
parably treated trees which had been 
lifted in April, 1943, and stored for 1 
month bore only incipient roots or root 
swellings along the lower stem. No differ- 
ences in the small quantity of the normal 
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type of new root growth could be ob- 
served between any of the treatment 
groups removed from common storage in 
May. 

Seedlings removed in May from stor- 
age at 32°F. were completely dormant. 
Those which had been treated in the fall 
and kept over-winter in the heeling-in 
bed showed no consistent inhibition of 
top growth, and seedlings treated with 
the higher concentrations of growth 
regulator were in slightly more advanced 


TABLE 6 
SUMMER PRECIPITATION FOR 1943 AT BELTS- 
VILLE FOREST LABORATORY, COMPARED WITH 
40-YEAR AVERAGE AT LAUREL, MARYLAND 


PRECIPITATION (INCHES) 


MontTH 

ane 40-year 

average 

May 3. 60 3.48 
June 2.65 3-99 
July I. 20 4. 26 
Aug. 0.92 | 4-93 
Sept. 4. 25 3.56 


stage of leafing. Thus the same treat- 
ments with growth regulators applied in 
the fall caused distinctly greater growth 
responses in trees stored in a shed than 
in those heeled-in outdoors. Apparently, 
when trees are stored outdoors over-win- 
ter, treatments to delay shoot growth 
should be applied in the spring rather 
than in the fall. 

Seedlings lifted and treated in April 
showed definite inhibition of shoots for a 
period of 1-2 weeks in the heeling-in bed, 
and by May many had developed stout 
new roots below and just above the root 
collar. 

White ash seedlings removed from 
cold storage for the second (June) plant- 
ing were completely dormant. The effects 
produced in common storage by different 








treatments were about the same as those 
previously recorded, except that the etio- 
lated new shoots had become quite long 
(figs. 5, 6). 

As an example of the condition of the 
trees at the time of the second planting, 
the detailed effects of the different treat- 
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those held in common storage. The 
sprays containing 600 mg./l. growth 
regulator delayed leaf emergence for 
about 2 weeks, but by June 14 normal 
top growth was present on most of the 
trees which had been treated while dor- 
mant. Roots which developed on the 


TABLE 7 


RELATIVE EFFECTIVENESS OF GROWTH-REGULATOR TREATMENTS ON WHITE ASH 
BASED ON DEGREE OF TOP INHIBITION AND ROOT STIMULATION 


AT TIME OF REMOVAL FROM STORAGE 


[yPE Of Con- 





VAPOR TREATMENTS 














| 
0.3 0.5 Wax 100 | 600 
PERIOD OF STORAGE Pu : | : | 
STORAGE TROL mg./cu. ft. mg./cu. ft. | ONLY mg./1 mg./| 
Recs Baa 
| | | | | | 
Nam.* | Mix.t | Nam.| Mix | Nam.| Mix. | Nam Mix. 
Pesan Seca: Veh TE 
Dec.—May.. 
Cold | |Dec.—June.. 
(32° F.) , Apr.—May. All stock dormant 
Apr.—June 
| May—June 
(Dec.-May of ° ° o | 1 | oO 2 s | 3 3 
Common Dec.—June ; ° fe) o};}o | t | 0 2 2 3 3 
(40°—70° F.) | ; Apr.-May | r | 4 2|1| 1 | I 2 2 2 2 
Apr.—June.... o | 2 ° 3 | oO ° 2 3 3 3 
May-June. o | 2 o | 3 2} 0 2 3 3 3 
| {Dec.—May.. r | 1 I a a I I ° fe) 
Heeled-in | |Dec.—June. wes] “Of -o ° ° ° ° ° ° o | 2 
outdoors | ;Apr.—May. aap OY I ° 2 2 ° 2 I 3 | 3 
| | 
Apr.—June.... weal Bi ws fe) fe) o |} Oo fe) ° 2 I 
May-June. o | 3 ° 3 2 | °Oo | 2 I s i -@ 


* Nam.: naphthalenemethylacetate 





+ Mixture of equal parts of naphthalenemethylacetate, naphthalene acetamide, naphthoxyacetic acid. 


Active shoot development. 
1: Fairly active shoot development. 

Moderate shoot inhibition, often with root initiation. 
;: Severe shoot inhibition, usually with root initiation. 


ments on one lot kept in common storage 
from May 13 to June 14 are given in ta- 
ble 8. The effects of the treatments on 
field performance, which are discussed in 
the following section, are also given in 
table 8 for comparison with other effects 
of treatment. 

Seedlings lifted from the heeling-in 
bed in June for late planting showed 
much less inhibition of shoot growth than 


stems of heeled-in trees as a result of 
treatment were localized just above the 
root collar, on that portion of the lower 
stem that had been covered with soil in 
the heeling-in bed. The high concentra- 
tion of spray often caused the initiation 
of stout new rootlets below the collar also 
(fig. 7). However, the chemical treat- 
ments which caused the most pronounced 
root initiation often injured the trees, as 
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indicated by survival data presented 
later. 

Loblolly pine seedlings failed in gen- 
eral to survive the various storage condi- 
tions. Among seedlings heeled-in out- 
doors over-winter, mortality at the time 
of removal for the first planting in May 
was 46.5% for controls and 31.5% for 
treated seedlings. Although random vari- 
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of leafing-out of white ash due to the pre- 
storage treatments (table g). 


The pattern of responses in breaking 
dormancy in the plantation is in most re- 
spects similar to the results discussed in 
the previous section. The mixture of 
growth regulators applied in the vapor 
state actually stimulated budding-out of 
trees lifted in December (when they were 


TABLE 8 
EFFECTS OF GROWTH-REGULATOR TREATMENTS ON WHITE ASH LIFTED MAY 13 


LENGTH OF ETIOLATED SHOOTS 


DEGREE OF ROOT 


. | CONDITION IN PLANTATION OCT. 5 
INITIATION } 





TREATMENT 


None o”—6" 6 
| 
No. tree 

Vapor method: 

Control... ‘ ° 21 

Nam.* 0.3 mg./cu. ft... 30 °o (| 

Mix.f 0.3 mg./cu. ft...... 4 a1 | 

Nam. 0.5 mg./cu. ft.... 30 ° 

Mix. 0.5 mg./cu. ft... 28 2 | 
Spray method: 

Wax only fe) 18 

Nam. 100 mg./I. ee a 2 

Mix. 100 mg./l. Sua 30 ° 

Nam. 600 mg./I. . 30 Go I 

Mix. 600 mg./I. 30 °o. (| 


* Nam.: naphthalenemethylacetate. 





© | | Good Poor 








| 
| 
: ; } 
Above Below vigor | vigor | Dead 
= root root _ . 7 ee 
collar collar 
No. trees 
| 
re) re) | 5 | 12 13 
3 ° | 13 5 12 
I ° 13 } I! 6 
3 | a 8 9 
2 2 | II | 9 10 
I ° | 6 17 7 
2 3 9 II 10 
3 15 Il 4 
3 3 ° 2 28 
3 3 I I | 28 


t Mixture of equal parts of naphthalenemethylacetate, naphthalene acetamide, naphthoxyacetic acid. 


None 
1: Incipient. 
2: Moderate 
3: Abundant 


ation was great, a chi-square test of the 
ratios of living to dead trees showed that 
the superiority of the survival of chemi- 
cally treated trees was of medium signifi- 
cance. However, the growth regulators 
did not prolong the dormancy of buds of 
loblolly pine, nor did they stimulate root 
initiation. Further conclusions based on 
field survival after planting are given in 
the following section. 

Two weeks after the first (May) plant- 





ing, there were certain differences in rate 


relatively resistant to treatment) and 
kept in cold storage. MARTH (8) also ob- 
served stimulation of budding-out by low 
concentrations of growth regulators in 
his study of storage of rose bushes. The 
data in the last line of table 9 summarize 
the relative effectiveness of the several 
chemical treatments in prolonging dor- 
mancy when applied in the spring before 
indoor storage. The two spray treat- 
ments at a concentration of 600 mg./I. 
were distinctly injurious; 6 weeks after 





Fic. 5.—Effect of growth regulators on shoot growth and root initiation of white ash seedlings treated 
April 16 and placed in unrefrigerated storage. A: left, untreated; center, exposed 16 hours to vapor of 
naphthalenemethylacetate (0.3 mg./cu. ft.); right, same but 0.5 mg./cu. ft. B: left, untreated; center, ex- 
posed 16 hours to vapor of mixture of growth regulators (0.3 mg./cu. ft.); right, same but 0.5 mg./cu. ft. 
Photographed June 4, 1943. « 








ic. 6.—Effect of growth regulators on shoot growth and root initiation of white ash seedlings treated 
May 13 and placed in unrefrigerated storage. A: left, untreated; center, exposed 16 hours to vapor of naph- 
thalenemethylacetate (0.3 mg./cu. ft.); right, same but 0.5 mg./cu. ft. B: left, sprayed’ with 0.5% com- 
mercial-wax emulsion; center, wax plus 100 mg./l. of mixture of growth regulators; right, wax plus 600 
mg. /l. of mixture of growth regulators. Photographed June 4, 1943. 
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planting mortality was 50 % for the two 
concentrated spray treatments and negli- 
gible (o-5%) for all the others. 

Among trees kept in cold storage, the 
length of time in storage had more influ- 





Fic. 7.—White ash seedlings treated April 16 and heeled-in for 2 months. Left, control; right, sprayed 


with 600 mg./]. naphthalenemethylacetate in 0.5°% commercial-wax emulsion, showing stimulation of roots 
this concentration injurious to tops). Photographed June 15, 1943. 


ence on time of leafing than had chemi- 
cal treatment. Untreated seedlings lifted 
in April and placed in storage at 32°F. 
for 1 month practically all leafed out 
within 2 weeks after, planting, but sim- 
ilarly stored seedlings which had been 
lifted in December budded out much 
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more slowly. The greater readiness of the 
trees lifted in April was probably due to 
their exposure to rising temperature in 
the nursery bed before storage, for con- 
trol trees lifted in December and kept in 


warmer shed storage over-winter also 
leafed out rapidly. At any rate, it appears 
that hardwood seedlings can be kept dor- 
mant longest after removal from cold 
storage if they are lifted and stored in 
the fall or possibly in the very early 
spring. 
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TABLE 9 
NUMBER OF WHITE ASH TREES DORMANT ON MAY 27, 2 WEEKS AFTER FIRST 
PLANTING. CHEMICAL TREATMENTS AS IN TABLE 8 
No. TREES WITH TOPS DORMANT 
TIME 
OF 
Typ i eee LIFTING Vapor treatments Spray treatments 
iio ; AND 
TREAT- 
ING Con- | Nam Mix Nam. Mix. | Control; Nam Mix Nam. Mix 
trol 0.3 0.3 fC) ° (wax) 100 100 600 600 
Cold Dec. 24* | a1 4 15 4 Ii 9 9 26 30 
April 3 8 Z II 2 I 13 12 30 30 
Common. . Dec. I 0 ) I 0 2 I 4 21 17 
April 3 5 I 9 3 2 6 8 29 23 
Heeled-in Dec. ° ° ° ° ° ° ° I ° ° 
April 2 ° I 2 ° I I I 8 6 
Total 5 ; 33 34 II 38 9 17 30 35 114 106 
Cold and common... April 6 13 6 20 5 3 10 20 50 53 
* Basis: 30 trees per group. 
The foregoing results of the early PABLE 10 
planting were paralleled in many re- PERCENTAGE OF WHITE ASH TREES WITH TOPS 


spects by the results of the late planting 
on June 16 and 17. The condition of the 
trees 1 week after planting in June is 
shown in table 10, where the individual 
chemical treatments have been grouped 
by three degrees of effectiveness on the 
basis of all the information so far pre- 
sented. 

The data substantiate the conclusion 
that dormancy of white ash seedlings was 
prolonged by cold storage over-winter or 
by treatment with growth regulators in 
the spring, particularly if the trees had 
been stored indoors. 

Despite the severe summer drought, 
mortality was still fairly low when the 
plantation was re-examined on July 30 
and 31. Among trees planted in May, 
mortality was 40.0% for those treated 
with the two high concentrations of 
spray, 3.1% for controls, and 2.2% for 
the six remaining chemical treatments. 
Thus, for the early planting, conditions 


DORMANT IN PLANTATION ON JUNE 21-23 
1 WEEK AFTER LATE PLANTING 


PERCENTAGE DORMANT, BY GROUPS 
OF TREATMENTS 


Treated with growth 


TIME OF regulato 
LIFTING Typ 
AND STORAGI Con 
TREATING trols Vapor 
two of mix Effex Con 
groups ture* tive sprays 
° treat 60 
mg 1ents Tt ng 
ft 
Dec Cold 63 17 39 52 
April 13 10 16 70 
May 15 13 69 100 
Dec Common ° 
April °) 45 
May O 17 > 90 
Dec Heeled-in ) ° I 17 
April O > I 20 
May 2 ° 25 85 


* Compositions of mixture as in table 8 

+ Naphthalenemethylacetate 0.3 mg./cu. ft 
Naphthalenemethylacetate 0.5 mg./cu. ft. (vapor) 
Naphthalenemethylacetate 100 mg./1. (spray) 
Mixture of growth regulators 0.5 mg./cu. ft. (vapor 
Mixture of growth regulators roo mg./!. (spray) 


vapor) 





were so favorable for initial establish- 
ment that the treatments which pro- 
longed dormancy were of little conse- 
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quence to survival, except that the 
sprays containing 600 mg./l. growth 
regulator were definitely harmful. 

In the late planting, on the other hand, 
20.6% of the control trees died by the 
end of July, and more severe test of the 
treatments was obtained. There was an 
obvious relationship between mortality 
for different chemical treatments and the 
effectiveness of the treatments in pro- 
longing dormancy (table 11). 
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lower than that of trees receiving the 
weak treatment or no treatment (20.9%), 

The superior survival of trees repre- 
senting the five effective treatments with 
growth regulators was fairly consistent 
for all dates of lifting and types of stor- 
age (table 11). The relative advantage of 
the treatments was least among seedlings 
treated in May and among those stored 
outdoors. Injury from excessive concen- 
tration of growth regulator (600 mg./1.) 


TABLE 11 


MORTALITY OF WHITE ASH SEEDLINGS JULY 30-31 


» ACCORDING TO DATES OF LIFT- 


ING, TYPES OF STORAGE, AND GROUPS OF CHEMICAL TREATMENTS 
(JUNE PLANTING) 








PERCENTAGE MORTALITY, BY GROUPS OF TREATMENTS 


TIME OF LIFTING 








Vapor of 








a 
TYPE OF | . 
. : Conc. P 
AND TREATING STORAGE | Controls Effective — Basis 
| mixture* sprays Weighted 4 
(two | treat- A | (no. of 
| (o. a (600 mean ; 
groups) yI ments t . trees) 
|me. ‘cu. ) |} mg./I.) | 
: — iii we ihee, ie pei aa 7 ie >, 
Sea Pes. | aga’) | yabey 16.7 | 49.4 | 26.3 | goo 
April... . | All | 15.0 | 4.4 9-6 | 52.8 20.8 goo 
ae ee .| All | 19-5 | 13-3 Paso «| S909 | 23.3 goo 
| | | 
All dates. vere: Cold 9 | Sg 1), Ber 26.3 |. Tee goo 
All dates...... | Common 28. 3 34.4 8:9: | 86:6 | 358.09 goo 
All dates. .... ansananin in 19.5 | 2t.r | 15. 6-1) 36.9 | 205 goo 
Mean..... 20.6 are | “3372 So. iF 23.5 2700 
} | 





* Composition of mixture as in table 8. 
t Same as for table ro. 

An analysis of variance was performed 
on the July mortality data, omitting the 
early planting and the two concentrated 
sprays, which obviously have separate 
variances. For this analysis, the numbers 
of dead trees per group of thirty were 
transformed to their square roots to re- 
duce the right-skewness of the distri- 
butions. 

The analysis showed that shed storage 
resulted in significantly greater mortality 
than other types. For all types of stor- 
age combined, the mortality of trees re- 
ceiving the five “effective” chemical 
treatments (13.2%) was significantly 





was much greater in common storage 
than in cold storage or heeling-in beds. 

The course of mortality through the 
summer is shown in table 12 for the late 
planting only and in figure 8 for all trees 
in the experiment. The gradual closing of 
the gap in mortality between the control 
group and the effective treatments very 
probably represents an influence of the 
severe drought of 1943 in masking origi- 
nal treatment differences. 

An analysis of variance of mortality 
to October 6 for late-planted trees, ex- 
cluding the two injurious spray treat- 
ments, showed that differences due to 
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TABLE 12 
SEASONAL TREND OF MORTALITY OF WHITE ASH ACCORDING TO GROUPS 





PERCENTAGE MORTALITY, BY GROUPS OF TREATMENTS 


DATE RECORDED 
Control | 


(two groups) | 


lane 25-23... : ° ° 
July 30-31 20.6 | 21.5 
Aug. 23-24 33-5 31.8 
Oct. 5-6 35-9 33-7 
* Composition of mixture as in table 8 
t Same as for table ro. 


growth-regulator treatments 
longer statistically significant. Cold stor- 
age was followed by significantly lower 
mortality (33%) than common storage 


%) or heeling-in (40%). 


were no 


(s1 

It was shown previously that control 
seedlings lifted in December and kept in 
cold storage over-winter leafed out more 
slowly than other trees kept in cold stor- 
age only in the spring. Comparison of 
mortality records for these two groups of 
seedlings revealed no advantage in field 
survival from the prolonged dormancy 
which resulted from over-winter storage 
at 32°F. 

Of the white ash seedlings planted in 
June which survived the first growing 
season, the proportion in good vigor in 
October was 47% for controls and 60% 
for those which had received effective 
dormancy treatments. On many trees 
which had been kept until June in com- 
mon storage, the etiolated storage shoots 
hardened into crooked shapes after 
planting. The resulting stem forms of 
samples of treated and untreated trees 
are shown in figure 9g. 

To determine whether growth regu- 
lators stimulated root growth after plant- 
ing, sample rows of trees from one plot 
planted in June were carefully dug from 








Vapor of 
mixture* 


(0.3 mg./cu. ft.) 


Effective Conc. sprays Weighted 
treatmentst (600 mg ] ) mean 
| 
| 0.7 10. 3 | 3-6 
3.2 §3- 1 23.5 
| 28.3 74.1 | 28.8 
30.8 75.9 41.1 


the plantation in October. The volume 
of the root and that of the old stem of 
each tree were measured by water dis- 
placement. The volume of the old stem 
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ash seedlings according to groups of pre-storage 
treatments with growth regulators (May and June 
plantings combined). ‘Effective treatments” were 
those listed below table 13. 

(from which all current year’s growth 
had been removed) was considered the 
most suitable measurement to allow for 
initial differences in size of plant, and to 
provide top-root ratio. The data are sum- 
marized in table 13. 
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The measurements were tested by 
analysis of covariance (4), using volume 
of old stem as the independent variable. 
Variation in top-root ratio among the 
treatment groups was highly significant, 
and a further test of the adjusted top- 
root ratio for seedlings treated with 
srowth regulators against that of the con- 
trols showed this difference also to be 
highly significant. It is concluded that 
the stimulation of initiation 


root ob- 
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lings that had been stored over-winter, 
these seedlings will be omitted from fur- 
ther consideration. The effect of chemi- 
cal treatment on the survival of trees 
lifted and treated in April is shown in 
table 14. 

None of the pre-storage treatments 
resulted in a consistent increase in sur- 
vival and most of the chemical treat- 
ments were detrimental in this respect. 
Even seedlings sprayed on tops and roots 


TABLE 13 


STEM AND ROOT VOLUME OF WHITE ASH SEEDLINGS LIFTED IN APRIL, PLACED IN 
COMMON STORAGE UNTIL JUNE, AND REMOVED FROM PLANTATION IN 
OCTOBER, 1943. CHEMICAL TREATMENTS AS IN TABLE 8 


CONTROLS 
TWO 0.3 mg 
GROUPS) 
Nam. 
Av. vol. of old stem (cc.) 2.25 3.40 
Av. vol. of roots (cc.) 6. 32 11. 28 
Av. ratio top/root (vol.).... 0. 341 0. 300 
Av. ratio after adjustment* 0. 333 ©. 316 


Basis (no. of trees) 


* Adjusted for differences in volume of old stem by analysis 


t Trees treated with 600 mg./!. spray were nearly all dead. 


served in common storage and in the 
heeling-in beds continued to be effective 
in the plantation, and that a stimulus to 
root growth after planting resulted from 
most if not all of the effective treatments 
with growth regulators. A review of lit- 
erature on the use of growth regulators 
in transplating, by MircHELL and RICE 
(11), indicates that growth of roots of 
deciduous trees and shrubs was usually 
stimulated by soaking the roots for vari- 
ous periods in solutions of 10-80 mg./I. 
indolebutyric acid. 

Because mortality in the plantation 
exceeded g9% among loblolly pine seed- 


VAPOR TREATMENTS SPRAY TREATMENTS fT 


cu. {t 0.5 mg./cu. ft 100 mg./] 
Mix Nam Mix Nam Mix 
2.590 2.43 2.80 ‘93 2.90 
8.15 12.84 9. gO + 28 Q. 67 
0. 250 0. 192 0. 277 0. 213 0. 285 
©. 286 oO. Ig! ©. 281 ©. 204 ©. 2g! 
0. 2015 
13 10 9 d 13 
f covariance 


with wax emulsion containing no growth 
regulators showed lower survival than 
controls. Other studies in this series sup- 
port the conclusions that the commercial- 
wax spray is detrimental to field survival 
of conifers when applied to the roots and 
that this-effect is accentuated by the 
presence of growth regulators. 


2. Shortleaf pine 


PLAN OF EXPERIMENT.—Because of 
the great number of species used in for- 
est planting, it was desirable to supple- 
ment the main experiments with several 
smaller tests on other species. One of the 
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smaller tests of pre-storage treatments 
involved 1420 3-year seedlings of short- 
leaf pine (Pinus echinata Mill.) which 
were known to have low resistance to 
storage and transplanting conditions. 
PROCEDURE.—The seedlings were lift- 
ed April 15, 1943, for treatment with 
nine solutions or emulsions of growth 
regulators (table 15). Lanolin and wax 
emulsions with and without growth regu- 
lators were applied with a 5-gallon hand- 
sprayer to tops, roots, or whole plants. 
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RESULTS.—When the seedlings were 
removed from storage, the proportion in 
low vigor was 20% for control trees, 21% 
for trees soaked in growth regulators, 
44% for trees receiving root spray, and 
only 1% for trees receiving sprays of 
lanolin or commercial wax on tops or 
tops and roots. The growth regulators 
had no effect on deterioration in storage, 
Protective coatings retarded visible de- 
terioration of the seedlings when applied 
to the foliage but were harmful when ap- 


TABLE 14 
SURVIVAL OF LOBLOLLY PINE SEEDLINGS ACCORDING TO PRE-STORAGE TREATMENT AND TYPE 
OF STORAGE; TREES LIFTED IN APRIL, PLANTED IN MAY, AND RECORDED JUNE 17 
CHEMICAL TREATMENTS AS IN TABLE 8 


LIVING TREES PER GROUP OF THIRTY 


TYPE OF Vapor treatments 
STORAGE 
Con- | Nam. | Mix Nam. | Mix 
trol °.3 0.3 °.5 0.5 
Cold eee II 9 4 II 13 
Common 9 10 10 2 3 
Heeled-in . I 6 4 4 ° 
Total ..0f “R2 | “9s 21 17 16 


Other plants were soaked in water solu- 
tions of growth regulators. Inasmuch as 
past studies at this laboratory had shown 
roots of pines to be more sensitive to 
growth regulators than tops, the period 
of soaking was adjusted accordingly; 
roots were soaked in the water solutions 
for 1 hour and tops for 6 hours. The solu- 
tions containing 1000 mg./l. of growth 
regulator were not applied to roots be- 
cause of the likelihood of injury. 

The trees were kept at 32°F. in the 
cold-storage rooms of the Soil Conserva- 
tion Service at Beltsville for 54 days. 
They were planted June 15, in random- 
ized rows of ten trees each, in two repli- 
cate blocks to determine effects of the 
treatments on field performance. 


ToTaL 


Spray treatments Livine 
NO. o 
: (%) 
LIVING 
Control; Nam Mix Nam. } Mix. 
(wax} 100 100 600 600 
6 2 5 ° 2 66 22.0 
3 2 2 fe) fe) 4I 13.7 
2 ° ° ° ° 17 Lee 
» | | 
II 4 y oe 1°.2 124 


plied to roots only. Similar trends are 
shown in the plantation mortality data 
(table 15), particularly for the initial ex- 
amination 2 weeks after planting. 

The combination of poor stock and in- 
tense drought resulted in severe mortal- 
ity by the end of the season, but there re- 
mained a small benefit from protective 
coatings containing no growth regulators. 
Soaking in water solutions of growth 
regulators resulted in lower survival than 
no treatment. 

A supplementary test involved dip- 
ping a sample of 150 of the stored trees in 
an emulsion of 50 gm./I. lanolin at the 
time of planting. The trees so treated 
were well distributed among some of the 
original pre-storage treatment groups. 
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Two weeks after planting, 63% of the 
trees dipped before planting were dead 
or dying, in contrast to 92% dead or dy- 
ing among comparable lots of trees not 
dipped. 
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test the effect of pre-storage treatments 
with both protective coatings and growth 
regulators applied to tops only, roots 
only, and whole plants. The trees were 


ol 


placed in cold storage for 55 months to 


TABLE 15 


MORTALITY OF SHORTLEAF PINE SEEDLINGS 


2 WEEKS AFTER PLANTING AND AT END OF 


FIRST GROWING SEASON, ACCORDING TO CHEMICALS AND METHODS 
USED IN PRE-STORAGE TREATMENTS 


OPRAY TREATMENTS 


WATER-SOLUTION TREATMENTS 
Lanolin (5 rm Wax (1 
PART OF PLANT UN 
rREATED Ns * Mix.¢ Mix Mix TREATED 
I > | fe) 2 000 
: h ; None | None 
g./l mg./] m l mg./1 mg./1 mg 
No. dead 2 weeks after planting 
Tops 8 7 5 6 I fe) I fe) fe) Il 
Roots and tops 8 Ss 3 8 I ° 2 ° ° 6 
Roots 10 3 5 10 10 8 II 6 
Total 26 (1s5)§ lI (14) 10 10 13 8 II 23 
No. dead at end of growing season 
Tops 20 20 20 20 13 18 20 17 19 17 
Roots and tops 20 20 20 20 19 20 20 14 20 18 
Roots 20 20 17 20 20 20 20 20 
7 
lotal 60 (40) 60 (40) 49 58 60 51 59 55 


* Naphthaleneacetic acid 
t Mixt 







equal parts of naphthaleneacetic acid, naphthalene acetamide, naphthoxyacetic acid, and indolebutyric acid 
*rcial-wax emulsion diluted with three parts of water 


§ Totals in parentheses are based on groups of forty rather than of sixty trees 


This small test substantiated results 
of similar tests on other species. It indi- 
cated that treatment with inhibiting con- 
centrations of growth regulators before 
storage is unpromising for pines, but that 
protective foliage coatings may improve 
field survival. 


3. Pitch pine and tuliptree 
PLAN OF EXPERIMENT.—This study, 
like the preceding one, was designed to 


provide a rather severe test of the pos- 
sible protection the treatments might 
afford against losses during storage. 
PROCEDURE.—Several thousand seed- 
lings of 3-0 pitch pine (Pinus rigida 
Mill.) and 2-o tuliptree (Liriodendron 
tulipifera L.) were lifted from the U.S. 
Forest Service nursery at Parsons, West 
Virginia, on April 30, 1943. At the time 
of lifting, the buds of pitch pine were 
slightly elongated and many of the tulip- 








tree buds were just breaking dormancy. 
Treatments were accomplished by dip- 
ping the seedlings for a few seconds in the 
various emulsions listed in table 16. 
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trees was determined by visual examina- 
tion (table 16). 

RESULTS.—An analysis of variance 
based on the numbers of dead trees 


TABLE 16 


MORTALITY OF SEEDLINGS OF PITCH PINE AND TULIPTREE DURING 5} MONTHS’ STORAGE 
AT 32° F., ACCORDING TO PRE-STORAGE TREATMENTS. BASIS: 100 TREES 


PER GROUP, IN FOUR BUNDLES OF TWENTY-FIVE TREES EACH 


PERCENTAGE MORTALITY DURING STORAGE 


Conc. OF Pitch pine Tuliptree 
: PART O} 
COATING GROWTH 
PLANT 
MATERIAL TREATED REGULATOR 
are (MG./L.) Growth regulator Growth regulator 
Mean : 2 Mean 
None Nac.’ Mix.f | None Nac. | Mix. 
Lanolin Roots... 80 12 4 8 8.00 | 78 80 85 81.00 
(50 gm./I.)} ;Tops.... 400 7 IO 8 8.33 | 86 73 Be 78. 67 
Both ; 160 13 18 17 16.00 | 82 80 77 | 79.67 
Mean 10.67 | 10.67 | 11.00 | 10.78 | 82.00 | 77.67 | 79.67 | 79.78 
Controls None ° 13 go 
Commercial 
wax Roots... 80 21 30 13 31.33 | Ba 87 04 88. 00 
(1:3 HO) | ;Tops.... 400 26 18 20 21.33 | 84 87 89 86. 67 
Both... 160 51 2 65 52.67 | 99 97 | 97 97.67 
Mean... - .| 32.67 | 30.00 | 32.67 | 31.78 | 88.67 | go. 33 | 93.33 | 90. 78 
Controls... None ° 9 go 


MINIMUM SIGNIFICANT DIFFERENCES BETWEEN MEANS FOR PITCH PINE: 


| 


ee Highly 
ee | Significant Pam 
Criterion | ees) significant 
| =~ |  (P-0.01) 
Part of plant..... EERO CRETE PETS, 6.2 8.3 
Combinations of coating and part of plant... ... .| 8.8 7 
Combinations of coating, growth regulator, and | 
part of plant. . seats ial ae 20:2 


* Naphthaleneacetic acid. 


+ Mixture of equal parts of naphthaleneacetic acid, naphtha- 
lene acetamide, naphthoxyacetic acid, and indolebutyric acid. 


After one night of conditioning at 40° F., 
the trees were transferred to a cold- 
storage room maintained at 32°F. and 
85% relative humidity. On October 20, 
1943, the mortality within each group of 


showed that only the variation between 
the two coating materials was significant 
in the case of tuliptree. Lanolin was supe- 
rior to commercial wax in preventing 
losses during storage. Judging from the 
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equality in survival of control trees and 
those coated with wax, treatment with 
lanolin was also superior to no treatment. 

A separate analysis of variance of mor- 
tality in pitch pine showed high signifi- 
cance of variation due to type of coating, 
part of plant coated, and the interaction 
of the two. Approximate minimum sig- 
nificant differences for the significant 
variables are given in table 17. Differ- 
ences in mortality attributable to the 
presence or absence of growth regulators 
in the coatings were not statistically sig- 
nificant. 

Coatings of commercial wax increased 
mortality of pitch pine, particularly 
when applied to the whole plant. Lanolin 
had no significant effect on mortality but 
showed some tendency to raise it when 
applied with growth regulators to both 
tops and roots. In general, however, 
growth regulators had no appreciable 
effect on the condition of the stock after 
52 months in cold storage. 

Treatment with lanolin emulsion re- 
sulted in slightly more mold growth on 
the roots in comparison with the control 
trees. The commercial-wax emulsion re- 
sulted in moderate to severe molding 
when applied to roots, probably because 
of the supply of nitrogen provided by 
ammonia, which is detectable in the odor 
of the wax emulsion. 

In a test of field survival of pitch pine 
seedlings treated as described, stored at 
32° F., and planted June, 1943, thirteen 
of eighty controls survived until August, 
compared with thirty-eight of eighty 
trees sprayed with lanolin emulsion on 
tops or tops and roots. The remaining 
treatments (table 16) were of no benefit. 


RESUME OF RESULTS OF B: PRE-STORAGE 
TREATMENTS 
1. Attempts to inhibit the production of 
etiolated shoots on white ash seedlings 
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kept in unrefrigerated storage by pre- 
treatment with growth regulators were 
essentially successful. 


Treatments which resulted in inhibition of 


shoot growth were vapors of 0.3 and 0.5 mg. 
of naphthalenemethylacetate and 0.5 mg. 
of a mixture of growth regulators per cubic 
foot of storage space, and sprays contain- 
ing 100 mg./l. of either the acetate or 
the mixture. Sprays containing 600 mg./1. 
of the growth regulators were usually 
lethal. 


. Inhibition of shoot growth was _ usually 


accompanied by initiation of new roots 
above and below the root collar. 


. Trees treated in the fall and those stored 


outdoors showed less response to growth 
regulators than trees treated in the spring 
and those stored in a shed. 


. Among treated and untreated white ash 


seedlings removed from storage and planted 
in May during favorable weather, mortality 
during the first season was uniformly low 
and not related to pre-storage treatments 
with growth regulators. 


. Among similar seedlings kept in storage 


until June, those which received effective 
inhibition treatments survived significantly 
better than untreated seedlings during the 
first few monthsafter planting. After asevere 
summer drought, however, the differences 
in survival were no longer significant by 
October of the first growing season. 
pre-storage treatments resulted in 
higher initial field survival of white ash 
seedlings which had been kept in cold 
storage (32° F.) as well as in unrefrigerated 
storage, even though all treés remained 
completely dormant during storage at 
32° F. 


. Untreated trees kept in cold storage sur- 


vived better in the field than trees treated 
with growth regulators but stored without 
refrigeration. 

Treatments with growth regulators de- 
scribed in paragraph 2 above usually re- 
sulted in lowered field survival of loblolly 
pine seedlings. 


. Naphthaleneacetic and a mixture of growth 


regulators in concentrations of 200-1000 
mg./l. applied in various ways to seedlings 
of shortleaf pine usually resulted in lower 
field survival than in untreated trees. 

containing 
50 gm./]. lanolin to dormant shoots of short- 





leaf pine, pitch pine, and tuliptree before 
storage usually resulted in higher survival 
of the trees during storage and after plant- 
ing. 


C. PRE-PLANTING TREATMENTS 

1. Red, loblolly, and shortleaf pines 

PLAN OF EXPERIMENT.—The previous 
work on use of growth regulators to de- 
lay breaking of dormancy and to inhibit 
top growth suggested that such treat- 
ments might have definite value if ap- 
plied to forest planting stock just before 
the trees are set out. It is reasonable to 
suppose that initial survival might be in- 
creased if utilization of stored food by the 
tops and transpiration of water are de- 
creased through inhibition of shoot 
growth during the early part of the sea- 
son while the roots are becoming estab- 
lished. Several studies involving pre- 
planting treatment were therefore con- 
ducted concurrently to test this hy- 
pothesis. 

The plan of the first of these studies 
included soaking and spray applications 
of growth regulators to red, loblolly, and 
shortleaf pine, just before fall and spring 
planting. Some of the same trees were 
also tested in the drought machine to 
help explain the results of parallel tests 
of survival in the field. 

PROCEDURE.—Seedlings of red pine 
(3-0), loblolly pine (1-0), and shortleaf 
pine (2-0) were removed from the nurs- 
ery on October 29, 1942, and sorted into 
three size classes. Within each class there 
were thirteen groups of six trees, corre- 
sponding to the thirteen treatments 
shown in table 17. 

In making up water solutions of 
growth regulators, the chemicals were 
first dissolved in a small quantity of 95% 
ethyl alcohol. Nevertheless, naphthalene 
acetamide tended to come out of solu- 
tion, so it was replaced by naphthalene- 
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acetic acid when these tests were repeat- 
ed in the spring. 

Groups of trees designated for top 
soaking were immersed to the root collar 
for 18 hours-in the water solutions, 
Sprays were applied after the trees had 
been potted individually in sand at 6% 
moisture content. The top-soaked trees 
were similarly potted, and all were ex- 
posed to 96° F. and humidity of 20% in 
the drought machine. The three sizes of 
trees were tested separately in three suc- 
cessive runs of the machine. 

In these tests, all plants of one species 
were removed from the machine at the 
same time, and each tree was classified in 
one of seven groups, representing various 
stages, from no wilting to complete wilt- 
ing. The seedlings were removed to an 
unheated greenhouse, where they were 
transplanted to moist sand to determine 
which would revive. 

Seedlings intended for similar drought- 
machine tests in the spring were lifted on 
April 10, 1943, sorted, and treated as be- 
fore. However, the quantity of lanolin in 
the sprays was raised to 30 gm./I., for the 
fall tests had shown that lanolin alone, 
even in the previous carrier concentra- 
tion of 5 gm./l., caused a slight increase 
in drought resistance. After treatment 
with the solutions and sprays, the trees 
were heeled-in under a dense pine stand 
on April 17, for later testing in the 
drought machine. Since the period of the 
greatest water stress in spring planting 
probably comes after new growth has 
begun to develop, it was planned to con- 
duct the machine tests of the heeled-in 
seedlings at that stage. 

Each of the treatments with growth 
regulators just described was applied to 
eighty seedlings of each species to test 
the effect of the treatments on field sur- 
vival after fall and spring planting. Im- 
mediately after treatment, the trees were 
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planted in randomized rows of twenty 
trees in replicate blocks according to an 
appropriate experimental design. 

Fall planting was done November to 
and 11, 1942, and spring planting on 
April 20 following. The concentration of 
lanolin in the emulsion sprays was raised 


TABLE 
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had received the soaking treatments 
(3.7%) was not significantly different 
from that of the controls. Any differences 
in survival between species were purely 
arbitrary, depending upon the time that 
the trees of a given species had been re- 
moved from the drought machine. Dif- 


17 


NUMBER OF TREES SURVIVING IN GREENHOUSE AFTER TREATMENT WITH 


GROWTH REGULATORS AND EXPOSURE TO ARTIFICIAL DROUGHT 


NO. TREES SURVIVING 


Growth regulator | 


\ All Controls 
APPLICATION SPECIES 
: Naphthalene treat- } (not 
Mixture* | 
acetamide ments | sprayed 
com- or 
bined | soaked) 
- 500 1000 - 5° 19° 
None : 4 | None ; 
mg./] mg./] mg./] mg./1] 
Spray (lanolin 
emulsion, Red pine : 3t 2 4 3 6 4 22 2 
5 gm./I.) Loblolly 8 6 3 9 5 7 38 3 
Shortleaf , 4 4 2 3 4 3 20 ) 
Total 15 12 9 15 15 I4 50 ‘ 
24.7% 9-370 
Soaking (water 
solution) 18 Red pine , ° 2 2 2 2 ° 8 
hours Loblolly I I ° ° ° ° 2 
Shortleaf : ° I ° ° ° I 2 
| 
— | 
Total 5a I 4 2 2 2 I 12 
~O7 
>> £46 


* Equal parts of naphthalene acetamide, naphthaleneacetic acid, naphthoxyacetic acid, and indolebutyric acid 


{ Eighteen trees tested per species and treatment. 


irom 5 gm. to 30 gm./l. in the spring 
tests, as previously explained. 

RESULTS.—The numbers of trees sur- 
viving in the greenhouse 3 months after 
the fall drought-machine tests are shown 
in table 17. 

Chi-square tests of the ratios of dead 
and living seedlings showed that sur- 
vival of the sprayed seedlings (24.7%) 
exceeded significantly that of controls 
(9.3%), but that survival of trees which 


ferences between the two chemicals and 
between the three levels were not signifi- 
cant. 

These results were substantiated by a 
summary of top-condition scores repre- 
senting prescribed symptoms of drought 
injury to foliage and stems at the end of 
the drought-machine tests. An analysis 
of variance of the scores showed that 
visible injury by drought was least 
among trees sprayed with lanolin emul- 
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sion and greatest among those with tops 
soaked 18 hours in water or solutions of 
growth regulators (table 18). 

Thus, application of lanolin-emulsion 
spray of low concentration (5 gm./l.), 
with or without growth regulators, re- 
sulted in greater resistance to artificial 
drought, whereas soaking of the tops for 
18 hours in water or in growth-regulator 
solution probably decreased drought re- 
sistance of the seedlings. 

One month after other seedlings treat- 
ed in the fall of 1942 had been planted in 
the field, top condition of each tree was 
recorded by the same scoring system 
used in drought-machine tests. Red pine 
trees were in uniformly good condition. 
An analysis of variance of the top-condi- 
tion scores for loblolly and shortleaf pine 
(table 19) showed that variation between 
treatments was highly significant and 
attributable to the superiority of short- 
leaf pine seedlings sprayed with lanolin 
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emulsion over those not treated. Loblolly 
seedlings were not benefited by the 
coating. 


TABLE 18 


SIGNIFICANCE OF DIFFERENCES IN NUMERICAL 
INDICES OF WILTING OF PINE SEEDLINGS 
SPRAYED WITH LANOLIN EMULSION OR 
SOAKED IN WATER SOLUTIONS AND EXPOSED 
TO ARTIFICIAL DROUGHT. HIGHEST SCORE IN. 
DICATES LEAST WILTING. TREATMENTS AS IN 
TABLE 17 


Av. . 
SIGNIFICANCE OF 
| CONDI- 
| DIF FERENCE* 
TION | -. 
. | No. | WITH 
SCORE se 
APPLICATION | TREES 
PER | “S = » 
| TESTED = 
GROUP | | 
or 18 Con | Soaked 
TREES trol | 
Sprayed (lanolin | 
emulsion) 28.3 | 324 M H 
Soaked (water so | 
jution)... 20.9 | 324 | M 
Control. ..... 24.3 54 | 


* H, high (1°% level); M, medium (5% level). 


TABLE 19 


NUMERICAL INDICES OF WILTING AND VIGOR OF PINE SEEDLINGS IN PLANTATION I MONTH 
AFTER TREATMENT WITH FOLIAGE COATING AND GROWTH REGULATORS 


HIGHEST SCORE INDICATES LEAST WILTING 





MEAN TOP-CONDITION SCORE PER TREE 


Growth regulator 





| 
APPLICATION | SPECIES : | Mea | — 
| Naphthalene acetamide Mixture* | for all | ool 
| oe = = treat- or 
ments | 
| | sprayed 
| - 500 1000 : 500 1300 | 
| None : None 3 | 
| | mg./1. mg./1 mg./I. mg./I. 
Spray (lanolin Loblolly..........| 6.32t 6.15 | 6.20 | 6.52 | 6.50 | 6.80| 6.41 | 6.42 
emulsion) Shortleaf. -++-| §.67 | 4.92] 5.40] 5.40] 5.27 | 5.40 6 oe 4.00 
| aa Ed Eek Gen ANSE EE ee 
| Mean ‘ .| 6.01 5.54 5.80 | 5-97 5:80-| 6.20]  §: 884) 5.21 
| | | | | 
Soaking (water Loblolly , 6.27 | 6.30) -§:060| 6.20) 6.27 | 6.42! 6766 | 6. 32 
solution) Shortleaf oo “Qtek sed. 469 3-80 | 4.47 | 4.10] 3.907] 3-77 
Lee (Ae §-00] 4.33] 4-95 5.37 5.26 | 5.01 | 5-04 
| 





* Equal parts of naphthalene acetamide, naphthaleneacetic 
+ Basis: 40 trees per group. 
t Significantly higher than controls (1% level). 


acid, naphthoxyacetic acid, and indolebutyric acid. 
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By spring, survival of seedlings During the summer, the record 
sprayed with 5 gm./l. lanolin was no drought of 1943 took a very heavy toll of 


longer superior to that of controls or both fall-planted and spring-planted 
100 
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(J Sprayed with lanolin emulsion 
] Soaked in water solution 
Fic. 10.—Seasonal trend of mortality in seedlings of red, loblolly, and shortleaf pine according to pre - 
planting treatments with naphthaleneacetic acid or mixture of indolebutyric acid and three naphthalene 
compounds. 
soaked trees. The growth regulators were trees. The progress of mortality for red 
not beneficial in this respect, and naph- pine planted in the fall combined with all 
thalene acetamide applied by soaking re- three species planted in the spring is 
sulted in an increase of 100% mortality. shown in figure 10. Mortality of loblolly 








and shortleaf pines planted in the fall of 
1942 was so high by the summer of 1943 
that they have been omitted from the 
diagram in order not to obscure treat- 
ment differences. 

Until the beginning of the summer, 
trees sprayed with lanolin and planted in 
the spring had an evident advantage in 
survival. However, the presence of 
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effect of the severe midsummer drought 
on unprotected new growth. In other 
1943 plantations, not so seriously affect- 
ed by the drought, the survival advan- 
tage was often maintained through the 
summer. 

The complete pattern of effects of dif- 
ferent treatments on survival of the three 
species at different dates of recording is 


TABLE 20 
SURVIVAL OF RED, SHORTLEAF, AND LOBLOLLY PINES PLANTED IN SPRING AFTER TREAT- 


MENT WITH GROWTH REGULATORS, 


APPLICATION SPECIES 
Nac 
| 
500 
None 
mg. 
Spray (lanolin Red pine. ... 30T 29 
emulsion) ‘Lobiolly. . 24 I 
Shortleaf...... 13 fo) 
Mean % 22.3 10. 
Soaking (water Red pine 29 35 
solution) | «Loblolly 27 fe) 
| Shortleaf a5 4 2 
Mean....... 20.0 12.3 


AND RECORDED IN AUGUST, 1943 





No. LIVING TREES 


Growth regulator 








| 
camera Controls 
; 7a not 
Mixture* for all ( 
soaked 
~ treat- | 
ments | nid 
"| sprayed) 
1000 y 500 1000 | 
fl None é | 
mg./I. mg./I. mg./1 | | 
; ; oy ies ae a a 
34 | 27 26 | 28 | 29.0 | 32 
14 | 13. | 21 18 | 5.2] 2 
o | It a. ee OF Rae ae 
16.0] 17.0| 16.7] 15.3 | 16.2] 23.0 
ss . i ‘. 
16 33 35 36 | 30.7] 31 
° 30 6 I | 3.7 27 
° 7 fe) ° 2.2 2 
ee! 26.3 13.7 12.3 14.8 20.0 





* Equal parts of naphthalene acetamide, naphthaleneacetic acid, naphthoxyacetic acid, and indolebutyric acid. 


t Basis: 40 trees per species and treatment. 


growth regulator in the coating tended to 
remove this advantage, probably through 
direct chemical injury. Later in the sea- 
son the injuriousness of the growth regu- 
lators was clearly reflected in an in- 
creased rate of mortality of treated trees. 
Furthermore, the initial advantage of 
treatment with lanolin alone was lost, as 
it was in the test of lanolin coating on 
foliage of loblolly pine in the main stor- 
age study. In both these studies mortal- 
ity of control trees was 70% or more, and 
removal of the survival advantage of 
coated trees was probably due to the 


too complex for detailed consideration, 
particularly since the growth-regulator 
treatments usually resulted in lower sur- 
vival. However, certain facts are obtain- 
able from table 20. Survival of loblolly 
and shortleaf pine seedlings was very low 
and was further decreased by nearly all 
growth-regulator treatments; the de- 
crease was considerably greater for 
soaked than for sprayed trees. Survival 
of red pine was relatively unaffected by 
the treatments, none of which resulted in 
consistent increase in survival, as record- 
ed in August, 1943. 
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Treatment of the dormant seedlings 
with 500 or 1000 mg./I. of growth regu- 
lator before planting caused the same 
types of shoot inhibition that were de- 
scribed under nursery-bed treatments. 
The frequency of various degrees of in- 
hibition among the planted trees on June 
24 is shown in table 2r. 
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The rather high proportion of control 
trees which remained dormant or which 
developed leafless leaders reflected the 
effects of the transplanting shock and 
also the rather poor vigor of the loblolly 
and shortleaf pine seedlings. 

All indications are that treatment of 
pines in the dormant season with 500- 


TABLE 21 
FIELD PERFORMANCE OF PLANTED RED, LOBLOLLY, AND SHORTLEAF PINES 
ACCORDING TO LEADER CONDITION IN JUNE, 1943 


LEADER CONDITION ON JUNE 2 


TREATMENT R F 
Classification of living trees 


All growth- 
regulator 
treatments 
combined 


Terminal bud dormant 
) Leader present, no leaves 
Leader present, reduced leaf no. 
Leader present, normal foliage 


Terminal bud dormant 

Leader present, no leaves 
Leader present, reduced leaf no. 
Leader present, normal foliage 


All controls 
combined 


* Parentheses indicate percentage based on smal] numbers. 


Mortality during the growing season 
was greatest for trees which initially ex- 
hibited the most severe inhibition of lead- 
er development (right column in table 
21). Practically all trees still dormant in 
June were dead by October. Two-thirds 
of the chemically treated loblolly pines 
which had leafless leaders in June and 
which survived the summer developed 
new foliage later in the growing season, 
but only one-fifth of the red pines did so. 
Un red pines, the leaders which were 
leafless in June usually died back, even 
though the tree remained alive. 


CONDITION OF SAME TREES, OCTOBER 23 


} Living 
Leader present 


| 


Basis ee 
ped Dor- No leaves %) 
living) | Re- 

} } mant —_ Nor- 

| or duced 

| 1 (%) | " mal 

| | leaf me 

| Leader Leader foliage 

. no : 

| alive dead : 

) (% 

129 ° ° 2 ° eof 98 
493 fe) I 5 4 o | go 
g2 ° ° ° 18 3 | 
27 ° ° ° ° (44)"| (56) 
16 ° ° ° (6) | (19) | (75) 
30 ° o (3) | (7) | (13) | (77) 
85 ° ° ° 4 | 29 67 
415 ° ° ° ° 36 64 


1000 mg./l. of growth regulators for the 
purpose of inhibiting shoot development 
is likely to reduce field survival rather 
than to increase it. Apparently, the more 
severe the top inhibition caused by 
growth regulators, the lower is the sur- 
vival of pines. The latter finding is sub- 
ject to a certain bias, since the trees 
which showed the greatest inhibition 
may have been the least vigorous ones 
originally. 

The trees intended for the spring series 
of tests in the drought machine were 
heeled-in under a fairly dense pine stand 
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to permit the treatments with growth 
regulators to take effect on development 
of new shoots. 

By May 31, 1943, 6 weeks after treat- 
ment, the typical inhibiting effects of the 
chemicals on shoot growth were ob- 
served. Both concentrations of growth 
regulator (500 and 1000 mg./].) applied 
to dormant seedlings in the spring had 
practically prevented leafing-out but not 
shoot elongation of red pine. In loblolly 
pine, the higher concentration prevented 


TABLE 22 
MORTALITY (%)* OF RED, SHORTLEAF, AND LOB- 
LOLLY PINE SEEDLINGS TREATED WITH 
GROWTH REGULATORS AND LEFT FROM APRIL 
UNTIL JUNE, 1943, IN SHADED HEELING-IN 
BED 


| CONCENTRATION 


SUBSTANCE | 

500 1000 

| °o 
mg./1 mg./1. 
Naphthaleneacetic acid. .. 9-3 | 87.0 | 90.7 
Mixture. . 12:0 | 66.97 | 75-0 
Mean 10.6 | 76.3 | 83.3 

* Basis: 108 trees per group. 


t Same as for table 20. 


leafing-out, and the lower concentration 
reduced the quantity of new foliage per 
shoot by about two-thirds. Inhibited 
leaders of loblolly showed the usual tend- 
ency to curl, and a few of the leaders were 
dead. None of the shortleaf pine seedlings 
had yet leafed out; the trees were there- 
fore left in the heeling-in bed to see what 
would happen to them as well as to the 
other pine species. 

By June 25, 80% of the chemically 
treated trees and only 10% of the con- 
trols were dead in the heeling-in bed. 
Naphthaleneacetic acid was somewhat 
more lethal than the mixture, and the 
lower concentration was only slightly less 
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toxic than the higher one (table 22). The 
lanolin spray without growth regulators 
resulted in slight but inconsistent in- 
crease in survival of the heeled-in trees, 

The injurious effects of the growth 
regulators were distinctly more _pro- 
nounced in the heeling-in bed than in the 
plantation (fig. 10). It is likely that the 
dense shade over the heeling-in bed re- 
duced the vigor of the seedlings and con- 
sequently decreased their resistance to 
inhibiting substances. In view of the fact 
that treatment with growth regulators to 
kill undesirable trees, if not to inhibit 
top growth, should have certain practical 
applications, it might be observed that 
dense shade may make the trees much 
more susceptible to injury by such treat- 
ments. 

2. Red spruce and tulipiree 

PLAN OF EXPERIMENT.—The preced- 
ing study of three pine species was paral- 
leled by another involving red spruce 
(Picea rubens Sarg.) and tuliptree, in 
order to broaden the applicability of the 
results. Lanolin and commercial-wax 
emulsion were used as carriers for the 
growth regulators, but always in suff- 
ciently high concentrations to serve as 
protective coatings as well. 

An additional feature of the study was 
the application of coatings to one series 
of trees immediately after lifting from 
the nursery, to prevent desiccation dur- 
ing transportation and handling. A brief 
investigation has already been reported 
concerning the use of root coatings in 
lifting and transplanting trees. MILLER, 
NEILsoNn, and BANDAMER (Q) dipped 
roots of 2-year-old Norway spruce seed- 
lings in a commercial paraffin-wax emul- 
sion and exposed them to sunshine and 
wind for periods ranging from 5 to 60 
minutes before planting. Survival was 
several times greater for waxed than for 
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unwaxed trees exposed in the same man- 
ner. 

Du Puts (3) found that a solution of 
0.1-10% glycerin was effective in pro- 
tecting the roots of tomato and cabbage 
plants during storage or shipment. The 
solution was used in place of water for 
wetting the packing moss. CHADWICK (1) 
sprayed roots and tops of shrubs with 
commercial-wax emulsions before trans- 
planting. Top sprays reduced water loss 
and usually increased survival. Spraying 
of roots in addition to tops caused a fur- 
ther decrease in water loss but no further 
increase in survival. 

The present study included applica- 
tion of lanolin and commercial-wax coat- 
ings to tops, roots, and whole plants, 
with and without a mixture of equal 
parts of naphthaleneacetic acid, naph- 
thalene acetamide, naphthoxyacetic acid, 
and indolebutyric acid. Half the trees 
were treated just after lifting and the re- 
maining half just before planting or 
heeling-in. Within each of these two 
groups, half the seedlings were planted 
after shipment from the nursery and half 
were heeled-in 25 weeks before planting. 
The four resulting schedules for treat- 
ment and planting constituted replica- 
tions of the experiment under slightly 
varying conditions. The twelve treat- 
ments with chemicals and carriers, ap- 
plied alike within each replication, are 
shown in table 23. 

PROCEDURE.—Trees for this experi- 
ment, provided by the Forest Service 
Nursery at Parsons, West Virginia, con- 
sisted of 2-year-old seedlings of red 
spruce and tuliptree. The seedlings were 
lifted April 30, 1943, sorted, and half of 
them were immediately treated in the 
packing house by dipping in the emul- 
sions (table 23) for several seconds. Be- 
cause of rainy weather, the roots had no 
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chance to dry out between the time of 
lifting and the time of treating. 

Similar pre-planting treatments were 
applied to the remaining half of the seed- 
lings on May 5 and 6, after they had 
been packed and transported 200 miles 
to Beltsville. The two species were 
planted on separate (though adjacent) 
areas because a statistical comparison of 
the performance of a conifer and a hard- 
wood is usually precluded by the unlike 
ranges of the data on survival and 
growth. Half the trees were planted 
May 6 and 7, and the remainder were 
heeled-in until May 24 before being 
planted. The plantation provided for 
randomization and replication of groups 
of trees which had been treated alike. 

ResuLtts.—Ten days after the early 
planting, a record of the top condition of 
all planted trees revealed that growth 
regulators applied to tops only or to 
roots and tops prolonged the dormancy 
of a portion of the seedlings of tuliptree 
(table 23). 

The effects of the three different treat- 
ments with growth regulators on rate of 
leafing-out of additional trees which had 
been kept in the laboratory basement are 
shown in figure 11. 


In red spruce, rate of leafing-out was 
not affected by the treatments with 
growth regulators, but any coating ap- 
plied to the roots was soon reflected in 
browning or death of some of the trees 
after planting (table 24). 

The root coatings evidently impeded 
the absorption of water, and unless the 
tops were also coated, the trees were 
subject to internal drought stress. Foli- 
age coatings tended to result in higher 
initial survival of spruce in the planta- 
tion but not in the shaded heeling-in bed, 
where transpiration was much lower and 
where very few uncoated trees died. 
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When the heeled-in trees were re- The results of mortality counts of the 
moved for planting on May 24, those of planted red spruce trees in June are 
red spruce showed no visible response to given in figure 12. Although random 
the growth regulators. As in the planta- variation was rather high, as shown by 

TABLE 23 
DORMANCY OF TULIPTREE SEEDLINGS TREATED WITH PROTECTIVE COATINGS 
AND GROWTH REGULATORS, PLANTED MAY 6-7, 1943, 
AND OBSERVED 10 DAYS LATER 








SS 
| PERCENTAGE DORMANT 


Part of plant treated and conc. of 


TREATMENT growth regulator 
Untreated 
Roots Roots and tops Tops 
(80 mg./1.) (200 mg./ 1.) (400 mg./1).) 
Lanolin emulsion only (50 gm./1.)| 18} 10 3 8 
Commercial-wax emulsion only 
(x23)... 12 15 10 6 
Lanolin plus growth regulator*. 13 28 me 9 
Commercial wax plus growth reg | 
ulator*, . ; , 10 22 34 9 


* Mixture of equal parts of naphthaleneacetic acid, naphthoxyacetic acid, naphthalene acetamide, and 
indolebutyric acid 


t Basis: 100 trees per group 





Fic. 11.—Differences in rate of leafing-out of tuliptree seedlings after dipping in emulsion containing 
mixture of indolebutyric acid and three naphthalene compounds. Reading from left: first pair, untreated; 
second pair, 80 mg./]. on roots; third pair, 200 mg./l. on roots and tops; fourth pair, 400 mg./]. on tops. 
Photographed May 15, 1943. 


tion, dormancy of tops of tuliptree seed- the differences among control groups, 
lings was more prolonged among those mortality to June was distinctly lower 
treated, and a slight increase in growth in groups treated on tops only with the 
of new roots was observed in groups with — plain foliage coatings. 

roots previously dipped in the chemicals. Mortality of red spruce seedlings re- 





194 


cor 
an 

giv 
hac 


PERCENTAGE MORTALITY. JUNE 


Mix 
who 
am 
son 
(20 
nifi 


=e UL 


ling 
ted; 


ops. 


ps, 
ver 


the 





1945] 


corded on August 24, and the results of 
an analysis of variance of the data, are 
given in table 25. The drought of 1943 
had already taken a fairly heavy toll 
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ing from treatment of only the tops with 
plain lanolin or wax emulsion, and sig- 
nificantly higher mortality (49.5%) re- 
sulting from treatment of whole plants 


TABLE 24 


MORTALITY AND BROWNING OF RED SPR 
TIVE COATINGS AND GROWTH REGUL 
OBSERVED 10 DAYS LATER. CHEMICAL TREATMENTS AS IN TABLE 23 


UCE SEEDLINGS TREATED WITH PROTEC- 
ATORS, PLANTED MAY 6-7, 1943, AND 


PERCENTAGE DEAD OR BROWNED 


Part of plant treated and conc. of 


TREATMENT 


Roots 
60 Mg 
Lanolin emulsion only (50 gm. /1.) 19* 
Commercial-wax emulsion only 
(1:3 H,O) 20 
Lanolin plus growth regulator. . 30 
Commercial wax plus growth reg 
ulator. . 37 





is: 100 trees per group 


growth regulator 


Untreated 
Roots and tops Tops 
1.) (200 mg./I.) 400 mg./I.) 
I I 22 
2 ° 5 
3 °) 5 
° 10 ( 
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Fic. 12.—Mortality of planted red spruce seedlings in June, 1943, according to pre-planting treatments. 


Mixture of indolebutyric acid and three naphthalene compounds applied by dipping roots (80 mg./I.), 


whole plants (200 mg./l.), or tops only (400 mg./.). 


among all groups of trees. In compari- 
son with mortality of untreated trees 
(20.25%), essential differences were sig- 
nificantly lower mortality (9.5%) result- 


with the protective coatings plus growth 
regulators. As in other studies with coni- 
fers in this series, treatment with com- 


mercial-wax emulsion resulted in in- 
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creased mortality——except when applied 
without growth regulators to the tops 
only. 

In general, trees treated with coatings 
and growth regulators just before plant- 
ing survived better than those treated 
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coatings was largely retained through 
the summer drought. By October 1s, 
average mortality for red spruce seed- 
lings with protective coatings on the 
tops only was 11.5% compared with 
22.2% for untreated trees. 


TABLE 25 
MORTALITY OF RED SPRUCE SEEDLINGS TO AUGUST 24, 1943, ACCORDING TO PRE- 
PLANTING TREATMENTS. DATA FROM TWO MAY PLANTINGS COM- 
BINED. CHEMICAL TREATMENTS AS IN TABLE 23 








PERCENTAGE MORTALITY | 














| 
Part of plant treated and conc. of | Basis 
TREATMENT GROUP growth regulator | | (TOTAL NO. 
4 
F TREES 
— aes —| Untreated ene 
| 
Roots Roots and tops Tops | 
“~ mg./I1.) Bis oo mg./1.) (400 mg./1.) | | 
; ; Sie . | «toe “OC 2a 
Lanolin emulsion only (50 gm./I.). .| 8. fe) 20. 5 12.5 33.0 800 
Commercial-wax emulsion only | | 
(1:3 H,O).. ‘ie anal 2%: 5 30.0 6.5 [E56 800 
Lanolin plus growth regulator. : 7.6 41.5 r,s II.0 800 
Commercial wax plus growth regu- | 
CC oer ; 30.0 49.5 34.0 22.0 800 
Mean for coatings containing no 
growth regulator Set 19.75 25.25 9:50" 24.00 1600 
Mean gn ilaeaiaananeas grow th | 
sg sag 23.45 45. 50t 24.75 16.50 | 1600 
Mean for all coatings...... a1, 75 35-3751 | 17.125 20.25 | 3200 
—_ ——__—_ ——$— ! — 
MINIMUM DIFFERENCES ATTAINING SIGNIFICANCE: 
= a 
in ats | Highly 
— ‘ Significant °_ ees 
Criterion pe significant 
ee 
-05) | (P-o.01) 
- ee ee 
Part of shia. pa Ads dames adc aiid con cheats Baspacs 7.6 10. I 
Combinations of part of plant and prese nce of growth regulator é s8,00 : 10.7 14.2 
All controls vs. single combinations of anil of veut and i poeaane of 
STOWE HORUIMEOR. 5. 6 oe dace cae : , 9.3 rs:3 


* Significantly lower than controls (5% level). 


t Significantly higher than controls (1% level). 


just after lifting, inasmuch as the growth 
regulators were more harmful on longer 
than on shorter contact with the trees. 

As in most of the 1943 plantations, 
the survival of groups of red spruce seed- 
lings treated in different ways tended to 
approach the same level by fall. Never- 
theless, the advantage due to foliage 


Despite the drought, survival of all 
groups of tuliptree seedlings was uni- 
formly high (mean 97%), and there was 
no increase which might have been at- 
tributed to the delayed dormancy re- 
sulting from treatment of tops with the 
mixture of growth regulators. 

At the end of the growing season, an 
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analysis of covariance of the length of 
the old stem and new shoot of 800 tulip- 
tree seedlings showed that the growth 
regulators and coatings had no significant 
effect on shoot growth of this species. 
Inasmuch as the tuliptree seedlings 
treated with growth regulators exhibited 
a slight stimulation of new root growth 
when they were removed from the heel- 
ing-in bed for planting, a sample of trees 
was dug from the plantation on October 
27, 1943, for further study. The sample 


of trees. This analysis indicated that 
differences in dry weight between indi- 
vidual treatment groups were not signifi- 
cant, but that the adjusted mean dry 
weight for all three treated groups com- 
bined was significantly higher (5% level) 
than that of the control group. Thus, 
treatment with growth regulators re- 
sulted in a greater dry weight of the 
treated tuliptree seedlings, although 
field survival was equally high among 
treated and untreated trees. 


TABLE 26 
TOP LENGTH AND DRY WEIGHT OF TULIPTREE SEEDLINGS AT END OF FIRST 
SEASON IN PLANTATION, ACCORDING TO PRE-PLANTING TREAT- 
MENTS WITH MIXTURE OF GROWTH REGULATORS* 











PART OF PLANT TREATED AND CONC. OF 


GROWTH REGULATOR 


UNTREATED 
Roots Roots Tops 
and tops 
(80 mg./l.) | (yoo mg./1.) 
(200 mg./1.) 
Mean length of old stem (inches) ...... 5.82 1 3.39 5.90 5. 86 
Meandry wt. of seedlings in October (gm.) 7.90 9.55 g. 05 6.57 
Mean top-root ratio, dry wt. basis .... 6.207 «|. O:972 0. 254 0. 274 
Mean dry wt. of seedlings after adjust 
mentt 8. 37 | 8.29 | 9.43 7.00 

Basis: no. of trees 24 24 24 24 


* Same as for table 23. 


+ Adjusted for initial differences in stem length by analysis of covariance. 


consisted of four adjacent rows of twen- 
ty-four trees each which had been heeled- 
in just after treatment and then planted 
in late May. Oven-dry weights of root, 
of old stem, and of new stem were deter- 
mined for each tree, and the length of 
the old stem was measured (table 26). 

Weights of both tops and roots were 
slightly greater among trees treated with 
the growth regulators, so that the top- 
root ratios remained about the same as 
in untreated treees. The total dry weights 
were analyzed by the covariance method, 
using length of old stem as an independ- 
ent variable to remove variation at- 
tributable to initial differences in size 


RESUME OF RESULTS OF C: PRE-PLANTING 
TREATMENTS 

1. Inhibiting concentrations (500 and 1000 
mg./l.) of naphthaleneacetic acid and a mix- 
ture of growth regulators applied by soaking 
and spraying just before planting did not 
affect the field survival of red pine seedlings 
but resulted in lower survival of loblolly 
and shortleaf pines. 

2. These treatments were usually lethal to 
similar seedlings kept until June in a shaded 
heeling-'n bed. 

3. Dipping the tops of the pine seedlings just 
before planting in an emulsion of lanolin 
(30 gm./l.) resulted in increased survival 
during the spring months but failed to pro- 
tect the trees against a severe drought which 
occurred in midsummer. Red spruce seedlings 
with a similar foliage coating containing 
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50 gm./I. lanolin survived better than con- 
trols throughout the first growing season. 

4. A commercial-wax emulsion was detrimental 
to survival when applied to roots of red 
spruce seedlings. 
Dipping tops in lanolin or wax emulsions 
containing 200 or 400 mg./]. of a mixture of 
indolebutyric acid and three naphthalene 
compounds delayed slightly the leafing-out 
of tuliptree but not of red spruce. The delay 
in leafing did not result in increased survival 
of tuliptree after transplanting under favor- 
able conditions, but the treated trees were 
slightly heavier than control trees at the 
end of the first year. 

6. Red spruce seedlings receiving the same 
treatments with growth regulators as tulip- 
tree usually showed higher mortality in the 
plantation than controls. 


wa 


Discussion 
A. NURSERY-BED TREATMENT 


The prospects for use of growth regu- 
lators to prevent excessive top growth of 
coniferous seedlings in the nursery are 
not particularly encouraging. In _ red 
pine, effective treatments produced trees 
of distinctly lower dry weight and some- 
what lower top-root ratio than controls. 
The smaller foliage area of treated seed- 
lings did not confer greater drought 
hardiness during the same summer. It 
remains to be determined how trees held 
back in the nursery during one season 
will perform when planted in the field 
during a subsequent season. 

The primary limitation for use of 
growth regulators to restrict growth of 
seedlings in the nursery bed is the danger 
of killing some of the trees by excessive 
concentrations of the chemicals, since 
inhibitory effects are evidently on the 
borderline of lethality. The curling of 
leaders of some species of pines (for ex- 
ample, table-mountain pine)after treat- 
ment is a limitation in so far as the ap- 
pearance of the trees_is concerned. An- 
other limitation is that growth regulators 
applied to pines in November and in the 
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spring months did not greatly inhibit 
elongation of the new leader and did not 
delay breaking of dormancy. With de- 
ciduous trees, however, the prolonged 
dormancy in treated white ash in the 
storage studies and in tuliptree in the 
pre-planting studies could probably be 
duplicated in the nursery. A slight exten- 
sion of the spring lifting season would 
then be possible. 

High concentrations of growth regu- 
lators afford one means of killing unde- 
sirable or excess trees. One or several 
applications of a wax emulsion or water 
solution containing 1 gm./l. naphtha- 
leneacetic acid applied during the period 
of active shoot growth should be lethal 
to trees in the seedling stage, but these 
studies give no indication of the concen- 
tration required for larger individuals. 
Studies on herbaceous plants indicate 
that 2,4-dichlorophenoxyacetic acid is 
even more effective as a killing agent (5). 

B. PRE-STORAGE TREATMENT 

Perhaps the most promising applica- 
tion of shoot inhibition to forest-plant- 
ing practice lies in the prevention of pre- 
mature shoot growth of hardwood seed- 
lings during long storage periods. The 
resulting increase in field survival of 
white ash seedlings may have been due 
in part to stimulation of root growth by 
the growth regulators, for even trees 
kept completely dormant at 32° F. sur- 
vived better in the field if treated with 
growth regulators before storage. These 
findings are in agreement with those ob- 
tained by Martu (8) with rose bushes. 
The chief limitations shown thus far are 
the rather wide variation in response of 
individual trees of the same species and 
the danger of killing some of the trees. 
Further experiments on the consistency 
of the growth response of different lots of 
seedlings to a given concentration of 
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growth regulator should precede practi- 
cal application of the treatments. 

Pre-storage treatment of dormant 
pine seedlings with growth regulators 
failed to prevent budding-out during 
storage and appeared to have no ad- 
vantage. 

C. PRE-PLANTING TREATMENT 

This survey offers no promise of in- 
creased field survival through treatment 
of pine seedlings with inhibiting concen- 
trations of growth regulators just before 
planting. Red pine seedlings retain the 
initial inhibition of leaf growth for the 
full season, and in this respect they prob- 
ably characterize the group of northern 
pines which have only one period of 
shoot growth per year. Hardwoods, on 
the other hand, exhibit a delay of only 
about 2 weeks in shoot growth after 
treatment, accompanied usually by initi- 
ation of additional new roots. One or 
both of these responses may contribute 
to increased survival of hardwood seed- 
lings treated with growth regulators 
before late planting, when premature 
shoot growth of untreated trees might 
result in low survival. 

Between red pine and similar species 
which retain the initial inhibition of leaf 
growth throughout the growing season, 
and the hardwoods, in which the inhibi- 
tion is temporary, there is a group of pine 
species (for example, loblolly pine) which 
resume normal growth several months 
after the initial inhibition is induced. 
The expectation of improved survival 
of such seedlings, which might result 
from a temporary reduction in transpira- 
tion until the roots became established, 
was not realized in these studies. In gen- 
eral, treatment of pine seedlings with 
inhibiting concentrations seemed to re- 
duce the vigor of the seedlings and often 
killed some of them because of irregu- 
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larity in sensitivity of individual trees. 
Although risk of some mortality may be 
permissible in treating pine seedlings 
which must be held for an extra year in 
the nursery bed, this risk could not be 
afforded in treating trees which are 
about to be planted. 

Dipping the foliage of seedlings of co- 
nifers in emulsions of lanolin or commer- 
cial wax before planting seems to afford 
measurable protection from mortality 
during the spring months, when the 
trees are becoming adjusted to field con- 
ditions. This protection diminishes dur- 
ing the summer months. In the studies 
reported here the coatings were em- 
ployed incidentally as carriers of growth 
regulators; optimum concentrations for 
protection of foliage were not specifically 
determined. Application of coatings to 
the roots was generally of no benefit, and 
the commercial-wax emulsion increased 
mortality of coniferous seedlings when 
applied to the roots. COMAR and BARR 
(2) found that injury to foliage of Heli- 
anthus annuus sprayed with a wax emul- 
sion was attributable to ammonium 
linoleate in the spray. 


Summary 
1. A series of seven experiments, 
conducted between October, 1942, 


and October, 1943, involving about 
25,000 individual trees and several 


hundred feet of nursery bed, was un- 
dertaken to survey several potential 
applications to forest-planting practice of 
the control of top development of seed- 
lings by means of growth regulators. 
Seedlings of red, loblolly, shortleaf, pitch, 
and table-mountain pines, red spruce, 
tuliptree, and white ash were treated in 
the nursery bed, before storage or be- 
fore planting. Napthaleneacetic acid, 
naphthalenemethylacetate, napthalene 
acetamide, and mixtures of naphthalene 
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compounds with or without indolebuty- 
ric acid were applied in various ways. 
Methods included dipping, soaking, or 
spraying with water solutions and carrier 
emulsions of lanolin or commercial wax, 
and exposure to vapors of the com- 
pounds. 

2. Nursery-bed treatments were ap- 
plied for purposes of prolonging dor- 
mancy and restricting the amount of 
shoot growth. The normal surge of 
leader growth of pine seedlings was not 
delayed or substantially lessened by 
concentrations of 200 or 600 mg./l., 
sprayed on the expanding buds and old 
foliage. Needle development, once 
started, could be completely arrested 
shortly after treatment and ‘“‘frozen”’ 
for the remainder of the season on red 
and table-mountain pines. Undesirable 
curving of the new leaders resulted after 
treatment of table-mountain pine but 
not of red pine. 

3. At the end of the growing season, 
red pine seedlings which had been 
sprayed in May with 600 mg./I. naph- 
thalene acetamide had somewhat lower 
top-root ratio and much lower average 
dry weight than untreated seedlings. 
Inhibiting treatments were close to the 
lethal concentration, for they occasion- 
ally killed some of the trees. More than 
one application during the period of 
shoot growth of a spray containing 600 
mg./l. naphthaleneacetic acid or similar 
growth regulators resulted in death of 
most of the seedlings. 

4. Red pine seedlings having only one- 
half to one-third the normal quantity of 
new foliage, as a result of inhibition by 
growth regulators, were no more resist- 
ant to artificial drought than untreated 
seedlings. Top pruning of loblolly pine 
during early spring resulted in significant 
decrease in resistan¢ée to artificial 
drought and to transplanting during 
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the same summer and therefore did not 
appear to be a desirable alternative to 
growth regulators for checking top 
growth in nursery beds. 

5. Vapors and sprays of naphthalene- 
methylacetate and a mixture of growth 
regulators were effective in preventing 
or restricting the development of etio- 
lated shoots of white ash seedlings held 
until June in unrefrigerated storage. 
These treatments also stimulated initia- 
tion of new roots, but a high proportion 
of the new roots appeared on the stem. 
Inhibition of shoots and stimulation of 
roots were much less distinct in treated 
trees heeled-in . outdoors. Pre-storage 
treatments with growth regulators did 
not affect the survival of white ash seed- 
lings planted in May when controls were 
still largely dormant, but they resulted 
in higher initial survival and greater root 
growth of trees planted in June. 

6. For 2-year-old seedlings of white 
ash, a successful pre-storage treatment 
was naphthalenemethylacetate applied 
as vapor (0.3 or 0.5 mg./cu. ft. of space 
for 18 hours at 70° F.) or as a spray (100 
mg./l. in dilute commercial-wax emul- 
sion). Similar pre-storage treatments did 
not improve survival of loblolly or short- 
leaf pine seedlings. 

7. Growth regulators were also applied 
just before planting in an attempt to im- 
prove initial survival by holding back 
top growth and transpiration while the 
roots become established. Pre-planting 
treatments were applied to tops of seed- 
lings of red, shortleaf, and loblolly pines, 
and to roots, tops, and whole plants of 
red spruce and tuliptree. Various treat- 
ments with 80-1000 mg./1. naphthalene- 
acetic acid and other compounds failed 
to improve the field survival of conifers, 
and usually lowered it. 

8. Seedlings of tuliptree dipped in 
emulsions containing 200 or 400 mg./l. 
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of a mixture of growth regulators just 
before planting in the spring leafed out 
more slowly than untreated trees. How- 
ever, survival was so uniformly high for 
all treatment groups (planted in May) 
that no advantage resulted from the pro- 
longed dormancy. Tuliptree seedlings 
treated with growth regulators showed 
slight stimulation of root growth in the 
heeling-in bed and excelled controls in 
total dry weight by the end of the first 
season in the plantation. 

g. Application of emulsions of lanolin 
(30-50 gm./l.) or commercial wax to 
foliage of conifers immediately before 
planting resulted in higher survival dur- 
ing the spring months. After a long and 
severe summer drought (1943), the sur- 
vival of coated seedlings exceeded that 
of controls in some plantations but not 
in others. 


Grateful acknowledgment is due T. 
E. MAKI of the U.S. Forest Service, who 
initiated the studies of effects of growth 
regulators on shoot growth of conifers 
and supervised the subsequent experi- 
ments. Drs. CHARLES HAMNER and PAUL 
Martu of the Photoperiod and Hor- 
mone Project, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, 
aided in designing and applying the 
chemical treatments and provided the 
chemicals and storage facilities. Valu- 
able assistance was given by the person- 
nel of Civilian Public Service Camp 34, 
Bowie, Maryland. HUBERT MARSHALL, 
ROGER Way, and Dr. CLARENCE KLING- 
ENSMITH contributed to various techni- 
cal phases of the survey. 
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ALKALOID CONTENT OF ECUADORAN AND OTHER 
AMERICAN CINCHONA BARKS 


WILLIAM E. MARTIN’ 


Introduction 


Prior to 1942 and the war in the Pa- 
cific, more than 90% of the world supply 
of quinine and related antimalarial alka- 
loids came from the Dutch East Indies. 
There on plantations was grown a strain 
of Cinchona officinalis L., sometimes de- 
scribed as Cinchona Ledgeriana Moens. 
As a result of controlled breeding and se- 
lection, clones of much higher alkaloid- 
producing capacity were developed than 
have as yet been found in the remaining 
wild stands now being exploited in South 
America. 

Without access to the East Indies, the 
United States and its allies found them- 
selves dependent on synthetic antima- 
larials and on supplies of American bark 
from the Andean forests of South Amer- 
ica. A few plantations had been started 
in Central and South America, but the 
majority were too young for harvest and 
none extensive enough to supply the 
wartime demands. Exploration parties 
were therefore sent by the former Board 
of Economic Warfare, an agency of the 
United States government,’ into the 
Andean countries to Search out wild 

‘Senior Horticulturist, Office of Foreign Agri- 
cultural Relations, United States Department of 
Agriculture. ? Chemist, Quito Cinchona Analytical 
U.S. Foreign Economic Administra- 
tion. This paper is a result of co-operative investi- 
gations carried out by the Quito Cinchona Analytical 
Laboratory of the U.S. Foreign Economic Adminis 
tration and by the Estacién Experimental del 
Ecuador. The latter is supported by the Republic 
of Ecuador, the Corporacién Ecuadoriana de Fo- 
mento, and the U.S. Department of Agriculture, 


through the U.S. Inter-Departmental Committee 
on Cultural and Scientific Co-operation. 


Laboratory, 


‘The Foreign Economic Administration is the 
successor to the Board of Economic Warfare and 
Office of Economic Warfare. 


AND J. A. GANDARA? 


stands of cinchona. Thousands of tons of 
South American bark have been located 
and harvested, much of it from areas 
previously unexplored and unexploited. 

The distribution of cinchona in west- 
ern South America has been found to be 
very widespread, occurring as a minor 
constituent of the rain-forests from Bo- 
livia north to Colombia and Venezuela. 
Where rain-forestsoccur, cinchona species 
are found on both east and west slopes 
of the Andes at elevations of 150 feet 
to more than 10,000 feet. It will be for 
the systematic botanist to decide how 
many distinct species occur in the An- 
dean region and their exact distribution. 
Much natural hybridization may have 
taken place and many local varieties or 
types now exist. 

One of the most striking character- 
istics of cinchona bark chemically is its 
diverse composition. The layman may 
think of cinchona as the tree that yields 
quinine. Actually, quinine is often a 
very minor constituent or is entirely ab- 
sent in the bark of many true cinchona 
species. Three alkaloids of antimalarial 
value commonly occur in American cin- 
chona barks—cinchonine, cinchonidine, 
and quinine. In addition, quinidine, an 
isomer of quinine used in treating auricu- 
lar fibrillation, is present in small 
amounts in some barks. Cultivated or 
improved varieties may yield as much as 
13% or 14% of crystallizable alkaloids, 
with more than go% in the form of qui- 
nine. On the other hand, many wild 
cinchonas contain mere traces of crystal- 
lizable alkaloids and no quinine. The 
term ‘‘total crystallizable alkaloids” is 
used in this paper as the sum of the per- 
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centages of anhydrous quinine, quini- 
dine, cinchonine, and cinchonidine. 

Cinchonine is very prevalent in native 
Ecuadoran barks, together with its opti- 
cal isomer cinchonidine. Some barks con- 
tain quinine as well as cinchonidine and 
cinchonine, while a few contain traces of 
quinidine. Some barks contain all four 
alkaloids, others three, while still others 
have only two. In many cases nothing 
but cinchonine is present, while in barks 
of a few true cinchonas none of the four 
common alkaloids are detectable. 

This paper presents data collected in 
Ecuador by the Foreign Economic Ad- 
ministration and the Office of Foreign 
Agricultural Relations of the United 
States Department of Agriculture, to- 
gether with data from other Latin Ameri- 
can countries, which illustrate the com- 
parative variability in composition and 
alkaloidal content of the species and 
varieties encountered. The data may be 
of value in evaluating these species as 
material for breeding and selection pro- 
grams in cinchona culture. In addition, 
data will be presented showing the rela- 
tive proportions of the several various 
alkaloids present, which may serve as 
criteria to support or verify species and 
variety delimitation. 


Investigation 


I. DISTRIBUTION AND COMPOSITION OF 
ECUADORAN CINCHONA BARKS 


In the course of the operation of the 
Foreign Economic Administration Cin- 
chona Analytical Laboratory in Quito, 
more than 1000 bark samples have been 
analyzed. This total is made up of barks 
of three principal species—Cinchona 
pubescens Vahl., C. officinalis L., and C. 
pitayensis Wedd., together with small 
numbers of unidentified species as well 
as species of no commercial value. The 
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approximate compositions of the most 
common Ecuadoran commercial types 
within each species are shown in table 1, 
with analyses of a few other American 
barks for comparison. 

CINCHONA PUBESCENS.—This is the 
most common and widespread species of 
cinchona in Ecuador. A number of types 
or varieties may be recognized. The first 
three of these (table 1) contain only cin- 
chonine, although occasionally samples, 
perhaps hybrids, are taken which show 
traces or small amounts of quinine and 
cinchonidine. The Bofuda type is wide- 
spread on the west slope of the Andes 
from southern Colombia to central Ecua- 
dor, at elevations of 5000-8000 feet, but 
has been little exploited because of its low 
alkaloid content and lack of quinine. The 
Rosada type occurs in southern Ecuador 
on both slopes of the Andes at 4000-8000 
feet. Much bark of this type has been 
harvested for use in totaquina manufac- 
ture, in spite of its relatively low alkaloid 
content and lack of quinine. The Serrana 
occurs at elevations of 8500~10,000 feet 
on the west slope in central Ecuador. 
This regularly contains more than 3% 
cinchonine and has been extensively har- 
vested in spite of its lack of quinine. 

The Roja type of C. pubescens is the 
only commercial type of this species in 
Ecuador that regularly contains sub- 
stantial amounts of quinine. It occurs on 
the western slopes of the Andes, from the 
Colombian border to southern Ecuador, 
and in the Colonche Hills—an isolated 
range between the Guayas Estuary and 
the Pacific Ocean. It grows at elevations 
of 2500-4000 feet and has been culti- 
vated for years in small plantations in 
the Andean foothills of central Ecuador. 
About 1860, the Englishman SPRUCE (4) 
took seeds and seedlings of this type to 
India, where it was planted under the 
name of Cinchona succirubra. 
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Extensive plantings were made in 
Guatemala in the late nineteenth cen- 
tury. One such planting was at Finca El 
Porvenir, where much natural seeding 
and regeneration took place. Extensive 
wild stands developed. These have been 
harvested and studied during the present 
war by the Foreign Economic Adminis- 
tration. A comparison of the alkaloidal 
content of the Guatemalan Succirubra 
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8500-10,500 feet on both eastern and 
western slopes of the Andes. Again, as 
with C. pubescens, this species is primari- 
ly a cinchonine-producer but with qui- 
nine as the second alkaloid and with cin- 
chonidine present in lesser amounts. Very 
small amounts of quinidine are usually 
found. This bark is being extensively 
harvested, as it has an average of at least 
5% total crystallizable alkaloids and is 
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DRY WEIGHT) OF ECUADORAN 
MERCIAL CINCHONA BARKS 








} No. 


SPECIES AND TYPE | SouRCE : = 
| SAMPLES 
C. pubescens Bofuda .. Ecuador | 36 
C. pubescens Rosada. . Ecuador | 165 
C. pubescens Serrana...... Ecuador | 60 
C. pubescens Roja...... ..| Ecuador | 3 
C. pubescens Succirubra. . Guatemala ao 
| 
C. pitayensis..... .| Ecuador 92 
C. officinalis Hoja de Lucma} Ecuador 78 
C. officinalis Bafios.. . : Ecuador 42 
C. officinalis Uritusinga. .. Ecuador 10 
C. officinalis Costrona Fina..}| Ecuador 32 
C. officinalis Calisaya..... Bolivia 52 
C. officinalis Ledgeriana.....) Peru 80 


| | 
| 
INDIVIDUAL ALKALOIDS PRESENT 


ae ee, | TOTAL Crys 
| | TALLIZABLE 
Cin- er i aa eee ALKALOIDS 
| p | ee | 
chonine |} Quinine } chonidine —— 
2.12 |.. behets tat ites | 2.12 
Bee I... Sidanseboas aiden s aes eee 2.72 
Os od 3: 30 
1.96 1. 48 Le, 5.01 
2.47 I. 71 2.16 6. 34* 
2. 63 1. 68 0.55 0.19 | 5.05 
1.16 0. 41 ¥. 12 sk 2.69 
I. 36 °.gI 1. 69 Trace 3.96 
0. 31 1. 42 0. 67 2.40 
O. 52 1. 58 ESO Pscate tangs 2. 76 
0. 55 3-35 0. 83 0.07 4. 8of 
0. 60 6.90 1. 43 ©. 20 9.31} 


* Courtesy Foreign Economic Administration Analytic Laboratory, E) Porvenir, Guatemala. 
¢ Courtesy U.S. Food and Drug Administration and Foreign Economic Administration. 


¢ From Report on Punizas Cinchona Planting (in press). 


with the Ecuadoran bark of the same 

variety is shown in table 1. This variety 

appears to be primarily a cinchonine-. 
producer, as are other types of C. pubes- 

cens, but with the optical isomer cin- 

chonidine a close second and with quinine 

usually the minor alkaloid in both Ecua- 

doran and Guatemalan bark. Samples 
from Guatemala show slightly higher 

percentages of each alkaloid than do the 
limited number of Ecuadoran samples. 


CINCHONA PITAYENSIS.—This species 
occurs extensively in southern Colombia 
and northern Ecuador, at elevations of 


the best source of quinine of any bark at 
present available in Ecuador. 

In leaf characteristics, flower, fruit, 
and seed appearance, C. pitayensis is 
similar to the Serrana, which is reported 
as a C. pubescens type in central and 
southern Ecuador in the same elevation 
zone. 

CINCHONA OFFICINALIS.—This species 
is widespread in southern Ecuador on 
both eastern and western slopes of the 
Andes and in central Ecuador on the 
eastern or Amazon side. A number of dis 
tinct types occur at elevations of 4000- 
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yooo feet. Some, identified as C. officina- 
lis, contain practically no alkaloids, while 
others contain more than 4%. Only the 
four types extensively harvested will be 
discussed. 

Of the types of C. officinalis occurring 
in southern Ecuador, one (known as 
Hoja de Lucma) contains on an average 
equal parts of the optical isomers cincho- 
nine and cinchonidine, with quinine al- 
ways a minor alkaloid. While this bark 
seldom contains more than 3% total 
crystallizable alkaloids, it has been ex- 
tensively harvested on the eastern slopes 
of the Andes and to a lesser extent on 
western slopes and Andean spurs extend- 
ing toward the Pacific. Recent collec- 
tions! suggest that this may be C. lucu- 
maefolia Pavon, by some considered a 
distinct species, rather than a type of C. 
oficinatis. A bark of very similar com- 
position occurs in the Amazon rain-for- 
ests of central Ecuador below Bajos, 
where a road penetrates the eastern cor- 
dillera and where considerable recent ex- 
ploitation has taken place. The latter 
bark contains almost 1% quinine on the 
average, but usually both cinchonine and 
cinchonidine exceed the percentage of 
quinine present. 

Among the other C. officinalis types of 
varieties of southern Ecuador, two qui- 
nne-producing barks occur. Near Loja a 
bark known locally as Uritusinga has 
been harvested since about the year 1640 
and marketed as Loja bark, or crown 
bark, following its use to effect one of the 
first malarial cures on record in the neigh- 
boring town of Malacatos, about 1600 
\5). The stands of the Uritusinga variety 
have been largely cut out, but they orig- 
inally formed part of the rain-forest at or 
near the continental divide south of Loja, 
at 7000-g000 feet. Present samples of this 


+By W. H. Camp, Field Botanist, Foreign Eco- 
nomic Administration. 
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bark are characterized by a rather low al- 
kaloid content, but with quinine as the 
major alkaloid present and with smaller 
amounts of cinchonidine and practically 
no cinchonine (table 1). 

In the high Amazon rain-forest east of 
Cuenca, a bark of similar composition is 
now being harvested extensively at eleva- 
tions of 7000-8500 feet. This type, known 
as Costrona Fina, is quite distinct from 
the Uritusinga of Loja in leaf, flower, and 
fruit characteristics, and in its growth. It 
has almost identical bark composition, 
however, with quinine as a major alka- 
loid and small amounts of cinchonidine, 
while cinchonine is almost entirely ab- 
sent. 

The resemblance of these two Ecua- 
doran quinine barks to the Calisaya 
type of C. officinalis of Bolivia and the 
Ledgeriana strain cultivated in Peru is 
shown in table 1. Costrona Fina and 
Uritusinga contain little more than half 
the alkaloid content of the Bolivian sam- 
ples, but the proportion of the alkaloids 
present is similar. Also, the cultivated 
Ledgeriana strain of C. officinalis resem- 
bles closely the composition of the Calisa- 
ya strain, from which it probably arose; 
but selection and breeding have raised 
average percentage of quinine and other 
alkaloids almost to twice that of the par- 
ent type, according to the limited num- 
ber of samples available for comparison. 


II. VARIATION IN BARK COMPOSITION 


The Ecuadoran commercial samples, 
the average values of which have been 
presented in the preceding section, were 
either group samples taken by field par- 
ties to assay cinchona stands encountered 
in exploration or were aliquot samples 
taken from lots of bark at time of pur- 
chase. Considerable variation—both in 
total crystallizable aklaloid content and 
in individual alkaloids—entered the fig- 
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ures listed as approximate composition in 
table 1. In order to evaluate the species 
and varieties or types for selection or 
breeding work, or for use in experimental 
plantings as seedling populations, the 
amount and type of variation present 
must be considered. 

VARIATION IN COMMERCIAL SAMPLES. 
—Most Ecuadoran barks have been har- 
vested either as sources of quinine or for 
use in the preparation of totaquina. This 
product is a mixture of natural cinchona 
alkaloids. It contains not less than 7% 
and not more than 12% anhydrous qui- 
nine, and a total of not less than 70% and 
not more than 80% of the anhydrous 
crystallizable cinchona alkaloids—qui- 
nine, quinidine, cinchonine, and cinchon- 
idine (7). Accordingly, in considering 
the variability of commercial barks, data 
both as to total crystallizable alkaloidal 
content and as to quinine will be pre- 
sented. 

Probably the commonest and most 
widespread of the Ecuadoran barks are 
the cinchonine. These rarely contain ap- 
preciable quantities of other alkaloids, 
although occasionally traces of quinine 
may be found where samples were taken 
from regions bordering on stands of qui- 
nine-producing cinchona types. The com- 
monest cinchonine barks are the Bofuda, 
Rosada, and Serrana types. Block graphs 
showing the variability of these common 
barks in total crystallizable alkaloid con- 
tent are shown in figure 1. Actually, these 
values represent only cinchonine. 

The Bofuda type is the poorest of the 
cinchonine barks and shows a variation 
of from 1% to 4.5% total crystallizable 
alkaloids. However, 86% of the samples 
contained 1.5—3.0%. In all, only thirty- 
six samples of this type of bark were 
available for study, The Rosada type 
contains slightly more alkaloids than 


Bofuda, and 84% of the 164 samples 
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analyzed fell between 2.0% and 3.5%. 
Both are undoubtedly variant types of 
C. pubescens. 

The Serrana type shows (fig. 1) a range 
from 1% to 5% total crystallizable alka- 
loids but contains more samples in the 
higher classes than did either of the other 
cinchonine barks. Of the sixty samples 
studied, 77% contained more than 3% 
total crystallizable alkaloids or cincho- 
nine. This bark has been considered a 
type of C. pubescens and is so listed here 
because of similarity of composition. In 
reality, the tree in leaf, fruit, and flower 
characteristics is much closer to C. pita- 
yensis, which occurs in northern Ecuador 
in the same elevation zone. 

On the basis of the commercial sam- 
ples, it would appear that the Serrana 
type offers a considerably better possi- 
bility for selection of high cinchonine- 
producers than either Bofuda or Rosada. 
Alkaloids other than cinchonine are rare- 
ly encountered. Cinchonine could be 
readily and cheaply extracted in pure 
form by a simple process if there were a 
demand for it. 

The range in alkaloid composition of 
the four most widely harvested Ecuador- 
an barks containing quinine is shown in 
figure 2, which illustrates the variability 
in alkaloid content. For each bark, the 
values for quinine are plotted above the 
corresponding total crystallizable alka- 
loid values, so that an idea may be gained 
as to the value of the bark both as source 
of quinine and as raw material for tota- 
quina manufacture. 

The Roja type of C. pubescens and the 
samples of C. pitayensis show in figure 2 
about the same range of variability. Both 
populations had some samples of nearly 
7% total crystallizable alkaloids. The 
block graph of the C. pitayensis is quite 
regular and indicates an almost normal 
distribution of the population of ninety- 
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two around the central class of 4.5-5.0% used in selection work of plant materials 
total crystallizable alkaloids. The C. suitable for totaquina production. 

pitayensis samples contained a little more The two types of C. officinalis illus- 
quinine than those of the Roja type of trate a marked difference in alkaloid- 
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PERCENTAGE TOTAL CRYST. ALKALO/DS BY CLASSES 


Fic. 1.—Variation in total crystallizable alkaloid content of Ecuadoran cinchonine barks 


C. pubescens. Only 9% of the thirty-one forming characteristics. Both the Hoja 


Roja samples contained more than 2% de Lucma and the Costrona Fina are low 
quinine, while more than 33% of the C. alkaloid-producers and show approxi- 
pilayensis samples exceeded this wales: mately the same range of variability in 


Neither shows promise as source material total crystallizable alkaloid content. 
for quinine extraction but could well be However, none of the seventy-eight Hoja 
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de Lucma samples contained as much as 
1% quinine, while nearly all the forty- 
two Costrona Fina samples exceeded this 
figure. In this latter type, 82% of the 
population contained 1-2% quinine, 
while in 13% of the cases more than 2% 
quinine was found. As a commercial qui- 
nine source such bark is not promising, 
but it does offer nearly as good a source 
of quinine as either C. pitayensis or the 
Roja type of C. pubescens. 

VARIATION IN INDIVIDUAL TREES.— 
While the assay of commercial group 
samples may provide information as to 
the usual composition of a bark, and may 
indicate the range of variability to be 
expected, it can hardly serve as an ac- 
curate guide in planning selection work 
to build up clones of high alkaloid-pro- 
ducing capacity. Accordingly, data are 
presented showing the composition of 
bark from individual trees of the two 
most promising types encountered in the 
preceding section. Also, in figure 3 are 
data from a group of cultivated trees of 
the Ledgeriana type of C. officinalis. 

A group of fifty-seven wild trees of C. 
pitayensis were sampled in a single stand 
in Ecuador to determine in a preliminary 
way the possibility or feasibility of clone 
selection in this species. These were 
growing in a group of groves mixed with 
other forest trees along a single ridge at 
about g50o feet. As the trees were felled 
in commercial harvest operations, a bark 
sample at 1-m. height around the cir- 
cumference of each tree was taken and 
softwood cuttings cut from the tree top 
and placed in nurseries adjacent to the 
harvest area. Data from the analyses of 
these bark samples are shown in figure 3. 
The population sampled was apparently 
made up of two types of tree, as may be 
seen from the figure. Nine of the trees 
contained less than 2% total crystalliz- 
able alkaloids, mostly cinchonine, while 


the remaining trees showed a range from 
2% to 8%, much the same as observed in 
the commercial series of samples of this 
species (fig. 2). No trees of unusually 
high quinine content were encountered. 

Through the courtesy of the Foreign 
Economic Administration, data have 
been made available to secure an assay 
on the possibilities of clone selection in 
the Succirubra type of C. pubescens. This 
type of cinchona was widely planted in 
Guatemala in the late years of the nine- 
teenth century (3). At Finca El Porvenir 
in northwestern Guatemala it escaped 
from cultivation, and large wild stands 
developed in the mountains adjacent to 
the original plantings. In connection with 
the propagation program of the Foreign 
Economic Administration at El Por- 
venir, a group of 314 wild trees was sam- 
pled and analyzed individually in a 
clone-selection program carried out un- 
der the direction of Mr. WILLIAM PEN- 
Nock, Horticulturist, and Mr. WALTER 
PLocHARSKI, Chemist. Permission to use 
their unpublished data for a comparison 
with other material in this report is 
gratefully acknowledged. 

This population of Succirubra trees 
varied widely in total crystallizable alka- 
loid content (fig. 3). Total values for in- 
dividual trees varied from 1.7% to 
more than 11.5%. The graph indicates a 
very nearly normal distribution pattern. 
Nearly 4% of the population was made 
up of trees with over 9.5% total crystal- 
lizable alkaloids. Quinine analyses were 
made on bark of 111 of the best trees, 
and the variation in quinine content 
(fig. 3) indicates that this type of C. 
pubescens offers little possibility as a 
commercial quinine source. In no case 
did the maximum quinine values ap- 
proach the high total values encountered. 
It is evident that Succirubra does offer 
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excellent possibilities for the establish- 
ment of clones for the production of high 
alkaloid bark suitable for totaquina man- 
ufacture. 
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in total crystallizable alkaloids and qui- 
nine content is presented in figure 3. A 
range from 0.3% to 13.0% total crystal- 
lizable alkaloids was encountered. Only 
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In 1942, groups of eighty Ledgeriana 
trees were sampled individually on a 
small plantation in Peru by MARTIN and 
CRANDALL (1). The description of the 
planting and the results of bark analyses 
form the subject of a‘separate report (2). 
For comparison, the reported variability 


Variation in total crystallizable alkaloid and quinine content of bark of individual trees 


a small part of this variability could be 
accounted for as related to age of tree. 
More than 94% of the population yielded 
samples of more than 6.5%, while 29% of 
the trees gave values in excess of 10.5%. 

A large proportion of the alkaloids 
present in the bark of these Ledgeriana 
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trees was present as quinine. Figure 3 
shows that the quinine values in many 
cases approach the total maximum val- 
ues. It is reported (2) that in two-thirds 
of the population, quinine accounted for 
more than 70% of the crystallizable alka- 
loids present, while in nearly one-third of 
the trees more than 90% was found in the 
form of quinine. Obviously, such a popu- 
lation offers a far better possibility for 
the selection of quinine-producing clones 
than does either Succirubra or C. pita- 
yensts. 


I{I. ALKALOID RATIO DIAGRAMS AS 
\ID TO SPECIES AND VARIETY 
DELIMITATION 

In the preceding section, data have 
been presented showing the range of 
variability in composition of the princi- 
pal Ecuadoran cinchona barks, together 
with limited data from other Latin Amer- 
ican countries for comparison. In study- 
ing these data it was observed in some 
cases that, where one alkaloid was pres- 
ent in larger amounts than usual, another 
might be correspondingly low, with the 
result that the total crystallizable alka- 
loid value of the sample did not differ 
materially from that usually typical of 
the species or type of bark. In other cases 
within a group of like samples, some of 
rather low or unusually high total con- 
tent were observed. In such samples the 
relative proportions of the constituent al- 
kaloids often remained about the same 
as that usual for the species or type. This 
suggested the advisability of considering 
alkaloid accumulation and formation 
characteristics apart from the actual per- 
centages and on a relative basis. 

Accordingly, the data have been recal- 
culated, expressing the three individual 


alkaloids—quinine, cinchonine, and cin- 
chonidine—as percentages of the values 


for total crystallizable alkaloids. In cases 


3 


where quinidine was present in very 
small amounts, the alkaloid percentages 
were calculated from the sum of the three 
principal alkaloids. The data so obtained 
have been plotted on triangular co-ordi- 
nate charts. In this way it is possible to 
plot the percentages of quinine, cincho- 
nine, and cinchonidine at the same time. 
The position of the resultant dot indi- 
cates the composition of the sample with 
respect to the relative proportions of its 
three constituent alkaloids. Thus, in 
figure 4, if a dot were to fall at any apex 
of the triangle it would be composed of 
but a single alkaloid. On the other hand, 
if a dot were to fall at the exact center of 
the triangle, it would represent a sample 
composed of equal parts of quinine, cin- 
chonine, and cinchonidine. Points falling 
on the sides of the triangle would be 
made of only two alkaloids. In figure 4 
are plotted the points representing the 
commercial Ecuadoran samples of C. 
pitayensis and of the Hoja de Lucma and 
Costrona Fina types of C. officinalis. 

The ratios or relative proportions of 
the three principal alkaloids of ninety- 
two trees of C. pitayensis are shown by 
the position of the ninety-two solid dots 
in figure 4. It will be noted that nearly all 
the dots fall in the same zone, the one in 
which the percentages of both quinine 
and cinchonine exceed that of cinchon- 
idine. A measure of the variability in al- 
kaloid-forming characteristics of this 
species is shown by the scatter of the 
points on the chart. A greater tendency 
to form cinchonine than quinine may be 
noted. No sample contained more than 
60% of its alkaloids as quinine, while 
nearly one-third of the samples showed 
more than 60% of the alkaloids present 
in the form of cinchonine. No relation of 
actual total crystallizable alkaloid con- 
tent of the bark to the position of the 
dots was noted. 
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The two types of C. officinalis present 
a contrasting picture, as far as the alka- 
loid proportions are concerned. In fig- 
ure 2 it was shown that the Costrona 
Fina type had essentially the same total 
crystallizable alkaloid content as the 
Hoja de Lucma type. The difference in 
the alkaloids present in the two barks is 
clearly shown in figure 4. That the Cos- 
trona Fina type is primarily a quinine- 
cinchonidine producer may be seen by 
the series of triangles along the quinine- 
cinchonine axis. Relatively few of the 
samples contained any substantial pro- 
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portion of cinchonine, and 84% showed 
more quinine than cinchonidine. Again, 
there was no detectable relation between 
total crystallizable alkaloids and the po- 
sition of the small diagrams on the chart. 

The Hoja de Lucma bark contained 
an average of about equal parts of the 
two isomers, cinchonine and cinchoni- 
dine, according to the approximate anal- 
ysis shown in table 1. However, it is evi- 
dent from the data of figure 4 that sam- 
ples of this type of C. officinalis range 
from high cinchonine and low cinchoni- 
dine at the left of the chart to low cincho- 
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nine and high cinchonidine at the right. 
Very few samples showed any substan- 
tial proportion of quinine, and in 82% 
of the population both cinchonine and 
cinchonidine exceeded quinine. Whether 
the Hoja de Lucma is a true C. officinalis 
or a variant type previously described as 
C. lucumaefolia (5) is for taxonomists to 
decide. It does appear that in alkaloid- 
forming characteristics the two types are 
distinct. 

Another type of alkaloid ratio pattern 
is presented in figure 5. Here a compari- 
son is made between the Guatemalan 
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Succirubra type and the Ecuadoran 
Roja type of C. pubescens. The Roja 
points were the same set of commercial 
samples whose average alkaloid content 
and variability in composition are shown 
in table 1 and figure 2. 

The Succirubra samples were from a 
series of twenty-seven individual trees 
sampled by PLocHARSKI and STEVENSON 
in a study of the alkaloid content of 
Succirubra trees at El Porvenir, Guate- 
mala. Permission from the Foreign Eco- 
nomic Administration to use these unpub- 
lished data is gratefully acknowledged. 
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Both series of points in figure 5 ex- 
hibit considerable scatter but tend to 
group about a general value of 40% cin- 
chonine, 30% cinchonidine, and 30% 
quinine. The scatter patterns of both 
types of C. pubescens are so similar that 
they seem to corroborate the record that 
Succirubra was taken from Ecuador in 
1860 (4) to India and returned to the 
Western Hemisphere in an importation 
from Ceylon to Guatemala in 1883 (3). 
No relation between the position of the 
dots of either series with total crystal- 
lizable alkaloid content was found, and 
the variation indicated by the scatter 
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seems to be probably due to the genetic 
variability within this type or variety. 
A comparison of the Hoja de Lucma 
type of C. officinalis with another Ecua- 
doran type of similar bark composition 
occurring in the Banos area of Ecuador 
is made in figure 6. This latter has been 
considered a type of C. officinalis and 
shows a very similar scatter pattern when 
compared with Hoja de Lucma in the 
diagram. The Banos type tends to havea 
slightly larger proportion of quinine. Al- 
though the Bafios type contained an 
average of 3.96% as compared with only 
2.67% of total crystallizable alkaloids in 
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the Hoja de Lucma, the proportions of 
the three alkaloids are essentially the 
same. 

Earlier in this paper, the similarity of 
the proportionate amounts of the alka- 
loids of the Bolivian Calisaya and Ecua- 
doran Costrona Fina types of C. officina- 
lis was pointed out. As may be seen from 
figure 7, both are predominantly quinine- 
formers, and scatter patterns tend to 
overlap considerably, in spite of the fact 
that the Calisaya contains nearly twice 
the total crystallizable alkaloids found in 
samples of Ecuadoran Costrona Fina. 
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It may be noted that cinchonine was 
entirely absent in many of the Ecuadoran 
Costrona Fina samples, while in every 
Calisaya sample at least a small propor- 
tion was present. Both can be classified as 
quinine barks, in marked contrast with 
the other types of cinchona shown in the 
preceding two diagrams. 

The data in the diagrams already pre- 
sented have been taken principally from 
commercial samples. As such, they show 
the general characteristics of the species 
and type but do not present so complete 
a picture of genetic variation as may be 
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obtained from a study of individual tree 
samples. Variation of the latter type is 
shown in figure 8. In this chart are pre- 
sented scatter diagrams from samples of 
the fifty-seven individual trees of C. 
pitayensis sampled in Ecuador and from 
sixty of the Ledgeriana trees sampled at 
the Punizas planting in Peru. The twenty 
Ledgeriana trees containing appreciable 
amounts of quinidine were not included, 
as no practical way has been found to 
plot four variables simultaneously. 

The C. pitayensis points occur in two 
distinct zones in figure 8. A group of nine 
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of the fifty-seven samples containing 
nothing but cinchonine, and less than 
2% total crystallizable alkaloids, rests at 
the cinchonine corner of the triangle. 
The remaining forty-eight samples oc- 
cupy almost exactly the same zone of the 
chart as occupied by the commercial 
field samples shown in figure 4. The cin- 
chonine samples seem definitely apart 
from the C. pitayensis type and might 
represent trees of another species, such as 
C. pubescens Bofuda, known to occur at 
2000-feet lower elevation on the same 
mountain. On the other hand, the Bofuda 
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Fic. 8.—Alkaloid ratio pattern of individual tree populations of C. pitayensis and cultivated Ledgeriana trees 
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type is so distinct from C. pitayensis that 
it could hardly have been mistaken at 
the time leafy cuttings were taken from 
each tree for propagation. A possibility 
exists that these cinchonine trees may be 
the result of segregation of a supposedly 
pure species, or else the result of the pro- 
duction of hybrid seed many years ago by 
the pollination of the C. pitayensis trees 
by C. pubescens pollen carried up the 
mountain several miles by insects or 
wind. 

The fact that Ledgeriana is primarily 
a quinine-producer is well illustrated in 
figure 8, which shows a heavy cluster of 
points above the 85% quinine level. 
Most of the remaining points occupy the 
zone containing in figure 7 most of the 
Bolivian Calisaya samples. The scatter 
pattern for this Ledgeriana population 
may well represent the segregation of 
seedlings derived from plants originally 
selected in Java for quinine production. 
The few trees of low quinine and high 
cinchonine or cinchonidine content may 
be taken to represent extremes in genetic 
variability and reversion to a parent type 
of very different alkaloid-producing char- 
acteristics. The position of the points was 
not found to be related to leaf type, tree 
age, or any other discernible character- 
istic. It is of interest that the points not 
representing trees of predominant (above 
80%) quinine production occur in almost 
the same zone of the chart as samples of 
Bolivian Calisaya, reported to be the 
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parent material from which Ledgeriana 
was selected (6). 


Summary 

1. Data are presented describing the 
geographic distribution and showing the 
approximate composition of the principal 
commercial cinchona barks of Ecuador, 
together with comparative composition 
of other American barks. 

2. While the alkaloid quinine is often 
thought of as the common constituent 
of cinchona bark, the three additional 
alkaloids—quinidine, and 
cinchonidine—are commonly present. 
The latter two are often present in Ecua- 
doran barks in amounts greatly exceed- 
ing quinine. 

3. Astudy has been made of the varia- 
bility in composition of Ecuadoran and 
other American cinchona barks in order 
to determine their value as breeding ma- 
terial or as sources for the selection and 
development of clones of high alkaloid- 
producing capacity. 

4. Alkaloid ratio diagrams for the 
principal cinchona types are presented to 
show the relative composition of a bark 
with respect to its alkaloid constituents. 
These diagrams appear to offer a simple 
graphic method of presenting genetic 
variability within a population and may 
be used as an aid in variety or species de- 
limitation. 


cinchonine, 


Estaci6N EXPERIMENTAL DEL ECUADOR AND 
FOREIGN ECONOMIC ADMINISTRATION 
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HISTOLOGICAL REACTIONS OF BEAN PLANTS TO CERTAIN OF 
THE SUBSTITUTED PHENOXY COMPOUNDS’ 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 569 


J. M 
Introduction 

This paper is one of a series, begun in 
1936 (6), dealing with the histological 
reactions of plants to various growth- 
regulating substances. The reactions of a 
number of plants have been described, 
but no detailed studies have been re- 
ported on the histological reactions of 
any plant to applications of the substi- 
tuted phenoxy compounds. The gross 
telemorphic effects of certain of these 
compounds have been recorded in earlier 
papers (1, 2). The results there reported 
accorded with some of those previously 
given by ZIMMERMAN (10) and by Zim- 
MERMAN and Hitcucock (11). Strikingly 
different responses or effects have been 
induced by different com- 
pounds. In addition, it has been shown 
(2) that the carrier in which a specific 
compound is applied may profoundly in- 
fluence the character and degree of the 
response. It was demonstrated, for ex- 
ample, that 2-chlorophenoxyacetic acid 
was effective when applied in Carbowax 
but largely ineffective in lanolin. An al- 
most completely opposite effect resulted 
from the application of 4-chlorophenoxy- 
acetic acid in either of the two carriers. 
Both carriers were almost equally effec- 
tive for 2,4-di- and 2,4,5-trichlorophe- 
noxyacetic acids, but with somewhat 
more rapid growth responses and form 
changes when Carbowax was the carrier. 
When either of the latter two compounds 
was applied at a 1% concentration in 


phenoxy 
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Carbowax, the majority of the treated 
plants were dead within 3 weeks. The 
surviving plants recovered slowly and 
then developed chiefly small misshapen 
leaves. Although slightly fewer plants 
were killed when lanolin was the carrier, 
there was little other difference in the 
responses. 

Because the form changes and growth 
responses had been so pronounced from 
the application of 1% mixtures of the 
phenoxy compounds at the bases of the 
blades of the nearly full-sized heart- 
shaped leaves of the bean, it was de- 
cided to conduct further experiments 
and apply the same compounds at 0.5% 
concentration. Three additional series 
of beans have been grown in flats, under 
conditions which simulated as closely as 
possible those of the earlier experiments, 
and treated at different seasons. The 
first was started on March 1, 1945, and 
treated on March 13. Temperatures (al- 
though fairly cool) and light conditions 
were favorable to growth at the time. 
These plants grew well but responded 
more slowly than those to which 1% mix- 
tures had been applied at approximately 
the same period the preceding year, when 
light and temperature conditions were 
similar. A second series was planted on 
June to and treated on June 21, when 
the day temperatures in the greenhouse 
were higher than during March and 
April. The responses were greater than in 
the first series but were still somewhat 
slower than following application of the 
1% mixtures. A third series planted on 
July 20 was treated on July 28. Just 
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before and immediately after treatment 
of this series, the outside temperatures 
exceeded go’ F. during the day and the 
relative humidity was high. As a conse- 
quence, the Carbowax mixtures ab- 
sorbed water and liquefied, often spread- 
ing along the surface of the leaf or down 
the petiole. The responses in this series 
were as rapid and as pronounced as 
they had been with the 1% mixtures, 
and approximately the same percentage 
of plants were killed. In general, the 
growth effects were essentially similar to 
those previously reported (2), with the 
least responses being induced by applica- 
tions of 2-chlorophenoxyacetic acid. 

Recently, 2,4-dichlorophenoxyacetic 
acid has come into prominence as a dif- 
ferential herbicide (3, 7, 8, 9), promising 
to become highly important for this 
purpose. Only one report has appeared 
which deals with the histological changes 
resulting from application of this sub- 
stance. TUKEY et al. (g) treated bindweed 
and sow thistle with aqueous sprays of 
2,4-dichlorophenoxyacetic acid at 1000 
p.p.m. in 0.5% Carbowax 1500, applied 
during midsummer while the plants were 
growing vigorously. This resulted in 
greatly increased cell division in all cam- 
bial zones and phloem regions of the stem 
and rhizome of bindweed, with enlarge- 
ment and rupture of cortical cells of the 
thizome. The root responded similarly 
but more slowly. In the rhizome of sow 
thistle, enlargement and tearing of corti- 
cal cells was frequent, accompanied by 
rupture of the periderm. The cambial 
zone and phloem regions showed dis- 
organized, large-scale cell division. The 
investigators suggest that the increase 
in meristematic activity indicates an in- 
crease in the rate of respiration, which 
would deplete the food reserves. 

For the present histological studies, 
usually the entire second internode (sel- 
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dom exceeding } inch in length), a seg- 
ment of the first, internode just below 
the second node, and a segment of the 
hypocotyl just below the cotyledonary 
node were fixed in Navashin’s solution, 
handled according to the tertiary butyl- 
alcohol paraffin method, and sectioned 
at 10u. 


Observations 

As reported previously (2), the place 
or region of response is highly variable, 
not only for the different phenoxy com- 
pounds but also for any one of them. 
Usually little indication of cell activity 
as a result of treatment is evident in any 
portion of the stem until approximately 
48 hours have elapsed (figs. 2B, 3A, B). 
Sometimes, however, activity begins 
earlier in the second internode (fig. 2A), 
although this is not the general occur- 
rence. The time required is not surprising 
when it is recalled that the point of ap- 
plication of the mixture is 13-2 inches 
distant from the top of the first inter- 
node and that the chemical, or some de- 
rivative from it, must travel this dis- 
tance and then up or down the stem be- 
fore noticeable effects can be produced 
on the cells above and below the second 
node. 

Although most of the present studies 
have been made on the first internode, 
sections from the second internode and 
the hypocotyl have also been investi- 
gated and photographed. 

At the time of treatment, the second 
internode had scarcely begun to elon- 
gate, being in most cases only 3-5 mm. 
in length. The trifoliate leaf was as yet 
unexpanded. Transections show fascicu- 
lar cambium, however, which has begun 
to cut off secondary xylem and phloem, 
but the interfascicular cambium is not 
complete (fig. 1A). 

The second internode was usually little 
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affected by applications of 2-chlorophe- 
noxyacetic acid, elongation apparently 
occurring normally with usually no swell- 
ing. Following application of 4-chloro- 
phenoxyacetic acid, however, the second 
internode became much swollen, pale 
yellow in color, and failed to elongate in 
approximately one-third of the plants. 
Death of these swollen internodes usually 
occurred in less than 3 weeks following 
treatment, but lateral shoots commonly 
developed on these plants from the buds 
in the axils of the heart-shaped leaves, 
as well as occasionally from those in the 
axils of the cotyledons. The development 
of these shoots was slow, and they pro- 
duced small, narrow, and usually rolled 
leaflets (2). As a resuit of cell prolifera- 
tion, however, the internode frequently 
becomes swollen in all the tissues except 
the epidermis, localized areas of the 
outer cortex, and perhaps the pericycle 
(figs. 2A, 4A). The inner cortex, the en- 
dodermis, phloem and xylem parenchy- 
ma, cambium, ray parenchyma, and 
pith all show marked activity, with the 
greatest activity in the cambium, 
phloem, and ray parenchyma. It has not 
been possible with the sections available 
to determine the degree of activity in the 
pericycle, but it appears unresponsive. 

The tissue responses shown in figure 
4A are similar to those of figure 14 in the 
paper by Kraus, BRown, and HAMNER 
(6), which deals with the effects of in- 
doleacetic acid applied to the distal end 
of decapitated second internodes of bean. 
One rather striking difference is that root 
primordia fail to develop in the second 
internodes of any of the plants following 
application of the phenoxy compounds 
at the bases of the blades of the heart- 
shaped leaves (fig. 10), even after as long 
as 20 days (fig. 13). It should be pointed 
out that the degree of maturity of the 
second internode at the time of treat- 
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ment is different in the two types of ex- 
periments. In the plants to which the 
compounds are applied at the base of 
the heart-shaped leaves, the chemical— 
or some derivative from it—must travel 
down the petiole and then upward into 
the second internode before it can incite 
reaction there. In experiments with de- 
capitated plants, the most striking re- 
sponses have generally occurred just be- 
low the place of application of the chemi- 
cals. This may have some bearing on the 
development or the failure of develop- 
ment of roots following the two methods 
of application. 

The second internode seldom elon- 
gates appreciably following treatment 
with 2,4-di- or 2,4,5-trichlorophenoxy- 
acetic acids but commonly develops the 
same type of swelling as that resulting 
from 4-chlorophenoxyacetic acid. Micro- 
scopic sections show the same tissues ac- 
tivated and the rate of development to be 
almost identical from the three com- 
pounds. 

The tissue responses in the first inter- 
node, while much more general and pro- 
nounced following applications of 2,4-di- 
and 2,4,5-trichlorophenoxyacetic acids, 
were nevertheless similar from all the 
compounds employed, with the least re- 
sponses induced by the 4-chlorophe- 
noxyacetic acid. Little indication of in- 
creased meristematic activity was evi- 
dent in the first internode, as was usually 
true of the second, until approximately 
48 hours after treatment (figs. 2B, 3A, 
B). These early responses are limited to 
division of the cells of the endodermis, 
cambium, and medullary rays, with no 
signs of activation of cells in the other 
tissues. The early divisions are all ina 
tangential plane; some of the later ones 
are radial. Comparison of these figures 
with figure 1B (from a section of a con- 
trol plant fixed at the time of treatment) 
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ric. 2.—Forty-eight hours after treatment with 2,4-dichlorophenoxyacetic acid in Carbowax: A, second 
internode, showing marked activity in all tissues except epidermis, possibly pericycle, and portions of outer 
cortex. B, first internode, showing activity only in endodermis, cambium, phloem, and ray parenchyma 
principal activity in endodermis and cambium. 
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FIG. 3.—First internode 48 hours after treatment with 2,4,5-trichlorophenoxyacetic acid: A, in Carbowax, 
showing practically no induced activity; and B, in lanolin, showing activity beginning in endodermis, cam- 
bium, and ray parenchyma, with slight activity in phloem parenchyma. Pericycle and pith apparently 
unaffected. 
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A, second internode after treatment with 4-chlorophenoxy- 
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wax. Activity principally in endodermis, cambium, and ray parenchyma. Pericycle and pith unaffected. 
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wax; and B, in lanolin. Responses similar in both, with greatly increased activity in endodermis, cambium, 


phloem, and ray parenchyma. 
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First internode 72 hours after treatment with 2,4,5-trichlorophenoxyacetic 
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Fic. 6.—A, first internode 8o hours after treatment with 4-chlorophenoxyacetic acid in lanolin. Principal 
activity in endodermis and ray parenchyma, with less activity in cambium and phloem parenchyma. B, upper 
portion of hypocoty] 96 hours after treatment with 2,4-dichlorophenoxyacetic acid in lanolin, showing root 
primordium derived chiefly from cambium, phloem, and ray parenchyma. Endodermis showing little or no 
activity. 
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Fic. 7.—Upper portion of hypocoty]: A, 96 hours after treatment with 2,4,5-trichlorophenoxyacetic acid 
inlanolin; and B, 144 hours after treatment with 4-chlorophenoxyacetic acid in lanolin. Root primordia 
organized chiefly from phloem and ray parenchyma, with less activity in cambium. Endodermal and some 
of inner cortical cells enlarged and crushed over end of root primordium. 
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First internode 120 hours after treatment with 2,4-dichlorophenoxyacetic acid: 


and B, in lanolin. Same tissues active as in fig. 6B. 
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FIG. 9.—<A, first internode 120 hours after treatment with 2,4,5-trichlorophenoxyacetic acid in Carbowax. 
Tissues activated and responses similar to those in fig. 8A, B. B, first internode 192 hours after treatment 
with same compound applied in lanolin. Central core of adventitious roots derived from ray, outer portions 
from phloem, and tips capped with primary phloem and its derivatives. Endodermis and cortex chiefly 
crushed and dead. 
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FIG. 10.—Second internode just above second node 144 hours after treatment with 4-chlorophenoxyacetic 
acid in lanolin, showing marked activity in all tissues except epidermis (and possibly pericycle). Cambium 
especially active. | 
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Fic. 11.—First internode 240 hours after treatment with 2,4-dichlorophenoxyacetic acid: A, in Carbowax; 
and B, in lanolin. Activities similar to but more advanced than in fig. 84, B. Epidermis and cortex mostly 
dead and broken over root primordia. 
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brings out certain striking differences. 
In the control (fig. 1B), while a complete 
ring of cambium is present and an ap- 
preciable amount of secondary phloem 
and xylem have differentiated, the endo- 
dermis, ray, and phloem parenchyma 
show no unusual activation (figs. 2B, 
3A, B). 


FIG. 12. 
Relation of roots to rays similar to that in fig. 9B. Cortical tissues mostly dead and crushed. 
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At 72-80 hours after treatment the 
rate of division increases in the endoder- 
mis, cambium, and ray tissues, with 
some divisions having taken place in the 
phloem parenchyma (figs. 4B, 5A, B, 
6A). The most highly reactive tissues 
are the ray and phloem parenchyma, 
however, and it is principally from them 





First internade 480 hours after treatment with 4-chlorophenoxyacetic acid in Carbowax. 
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and their derivatives that the root pri- 
mordia originate. Concurrently, the cam- 
bium, both fascicular and interfascicular, 
becomes active. The pericycle appears to 
be inactive and not involved in any of 
these changes. 

At 120 hours, root primordia begin to 
show definite organization (figs. 8A, B, 
gA). In some stems the endodermis fails 
to become active or there are so few di- 
visions that it plays no significant part in 
root formation. And while the cambium 
and its derivatives continue to divide, 
they contribute less to the formation of 
the root primordia than do the ray and 
phloem parenchyma. Cells of the peri- 
cycle have in general remained inactive, 
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unlike /resine (5) and Mirabilis (4), in 
both of which they are highly responsive. 
Well-developed roots are present in some 
stems at 192 hours after treatment (fig. 
gB), although in most stems such roots 
are not present until 10 days (fig. 114, 
B) or more have elapsed (fig. 12). In 
these latter figures the epidermis and 
outer cortical and endodermal cells are 
mostly dead and collapsed. Perhaps a 
few derivatives of the endodermis are 
still alive over the distal ends of the root 
primordia, but most of this tissue con- 
sists of primary phloem. The induced 
roots originate in the pith rays and may 
occur in one or more of them. 

Activity in the hypocotyl, which re- 
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Second internode just above node of heart-shaped leaf 480 hours after treatment with 4 chloro 


phenoxyacetic acid in lanolin. All tissues, especially cambium, have proliferated actively except epidermis, 
pericycle, and localized areas of outer cortex, but no roots have differentiated. 
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sults in swelling or in root formation, or 
both, is common following treatment 
with 2,4-di- and 2,4,5-trichlorophenoxy- 
acetic acids. The swelling and subsequent 
root development commonly involve 
most of the length of the hypocotyl. And 
although comparatively few plants show 
responses in the hypocotyls to applica- 
tions of 2- and 4-chlorophenoxyacetic 
acids, and then chiefly in localized areas, 
the histological responses resulting from 
the four chemicals are essentially identi- 
cal and involve the same tissues and 
tissue systems (figs. 6B, 7A, B). The 
greatest activity occurs in the ray and 
phloem parenchyma, with somewhat less 
in the cambium. The pericycle is inac- 
tive, or only slightly active, and plays a 
very minor role in root development. 
Root production is largely restricted to 
the angles of the hypocotyl! distal to the 
protoxylem points of the main or pri- 
mary vascular bundles. 

From an examination of the foregoing 
figures it is evident that, when the sub- 
stituted phenoxy compounds are applied 
at the bases of the heart-shaped leaves 
of the bean, the tissue responses in the 
second internode are strikingly similar 
to those induced by a number of other 
compounds when such compounds are 
applied to the cut surface of the young 
second internode which has been de- 
capitated just below the first trifoliate 
leaf. Surprisingly, however, no roots de- 
veloped in this internode following ap- 
plication of the phenoxy compounds to 
the bases of the heart-shaped leaves, 
even after periods as long as 20 days fol- 
lowing application. 

In the first internode and hypocotyl 
the responses are much more restricted 
than in the second internode. In the first 
two of these, generally only the endoder- 
mis, cambium, phloem, and ray paren- 
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chyma respond. From the cambium, 
phloem, and ray parenchyma, especially 
the phloem and ray parenchyma, ad- 
ventitious roots develop in abundance. 
Perhaps the greater maturity of the 
cells in the tissues of the first internode 
and hypocotyl as compared with the 
same tissues in the second internode at 
the time of treatment is, in part at least, 
responsible for the difference in re- 
sponses. 


Summary 


1. Four substituted phenoxy com- 
pounds have been applied at the bases 
of the nearly full-sized heart-shaped 
leaves of the bean at 0.5% concentration, 
using both Carbowax 1500 and lanolin 
as carriers. Lanolin was ineffective as a 
carrier for 2-chlorophenoxyacetic acid 
and Carbowax was ineffective for 4- 
chlorophenoxyacetic acid. The gross re- 
sponses of the plants to the weaker con- 
centrations were almost identical with 
those reported previously (2). 

2. Histological studies were made of 
material collected and preserved at 12- 
hour intervals up to a total of 480 hours. 
Certain marked differences in responses 
were observed as between the second in- 
ternode on the one hand and the first 
internode on the other. There were also 
differences in the degree of responses of 
the plants to the four compounds, al- 
though 2,4-di- and 2,4,5-trichlorophe- 
noxyacetic acids resulted in strikingly 
similar responses. 

3. The second internode showed little 
or no histological response to 2-chloro- 
phenoxyacetic acid. When treated with 
the three other compounds it became 
much swollen and generally failed to 
elongate appreciably in a high percent- 
age of the plants. With the exception of 
the epidermis, possibly the pericycle, 
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and limited portions of the outer cortex, 
all the other tissues responded actively; 
but no adventitious roots developed, 
even after 20 days following treatment. 

4. The histological responses in the 
first internode and hypocoty! were strik- 


BEAN 


to 
be | 


ingly similar from all four compounds, 
but—in contrast to the second internode 

only the endodermis, cambium, 
phloem, and ray parenchyma were ac- 
tivated. Roots developed in abundance. 
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RELATIONSHIP OF PHOTOPERIOD AND NITROGEN NUTRITION 
TO INITIATION OF FLOWER PRIMORDIA 
IN SOYBEAN VARIETIES 


N. J. SCULLY,” M. W. PARKER, AND H. A. BORTHWICK?® 


Introduction 

Soybean varieties are known to differ 
in the degree to which they are con- 
trolled by photoperiod (2,7). Some varie- 
ties flower only when subjected to short 
photoperiods, while others flower even 
though they receive very long ones. A 
number of varieties have been reported 
as frequently showing significantly in- 
creased yield of forage and seed when 
they are grown on soils high in fertility 
(with respect to mineral elements) as 
compared with those which are low (4, 
10). With other varieties the yield pro- 
duced at a low level of fertility is asserted 
to be more frequently than not equal to 
that produced at a high level (5, 15). 
Such a lack of response to variations in 
soil fertility could perhaps result from 
the action of some factor of the plant or 
its environment that might be limiting. 
An unusual nutritional response in yield 
is occasionally reported when varieties 
that show the latter behavior and those 
that show the former are grown together 
under different levels of fertility. In this 
case the yield of one variety will sig- 
nificantly exceed that of another when 
they are grown at a high fertility level, 
while at a low level the relative yield of 
the two varieties is reversed (5, 15). 

In previous studies of the influence of 
various levels of fertility upon yield of 
different varieties of soybean, no atten- 
tion has been given to initiation of flower 

' Associate Physiologist,? Physiologist, and 3 Senior 
Botanist; Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering, Agricultural Research Ad- 


ministration, U.S. 
Beltsville, Maryland 


Department of Agriculture, 


primordia. It is of interest to know to 
what extent the growth of such varieties 
is affected by photoperiod and to de- 
termine whether or not differences in 
time and place of initiation of flower 
primordia are in any way correlated with 
the yield differences observed when 
plants are supplied variable amounts of 
nitrogen. The present study considers 
the initiation of flower primordia and 
expression of other morphological char- 
acteristics for plants of four varieties of 
soybean. Two of the varieties are re- 
ported to show increased yields with in- 
creased level of fertility, while the yields 
of the other two are said to be unchanged 
by different degrees of fertility (4, 5, 9, 
15). 
Material and methods 

Each experiment was concerned with 
only two of the four varieties of soybean, 
Morse and Virginia being used in some 
experiments and Lincoln and T-48 in 
others. The first two varieties have been 
in cultivation for many years and the 
last two were recently developed at the 
Illinois Agricultural Experiment Sta- 
tion, Urbana, Illinois.‘ The yields of 
Morse and Lincoln—but not those of 
Virginia and T-48—are reported to be 
influenced by fertility level (0, 15). 

Plants were grown both in the green- 
house and in controlled environment 
rooms (13). In two preliminary experi 

‘Seed of these varieties was supplied by E. J. 
Kraus, University of Chicago, and by W. J. Mors 
and J. L. Cartrer, Division of Forage Crops, 


Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Beltsville, Maryland. 
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ments, designed to study the photo- 
periodic requirements of these particular 
varieties, the plants were grown in soil 
in the greenhouse. In the other three ex- 
periments the plants were grown in sand 
cultures in either the greenhouse or con- 
trol rooms, and with various lengths of 
photoperiod and various amounts of 
nitrogen added as sodium nitrate. The 
variations in sodium concentration were 
not considered of importance, since soy- 
bean is a nonaccumulator of this ele- 
ment (3). 

Five nutrient solutions (table 1) were 
employed in the nutrition experiments. 
All were complete solutions and varied 
in amount of nitrogen. Solutions supply- 
ing a low, intermediate, and high level of 
nitrogen, respectively, were used in each 
experiment. Solution 4 (table 1), supply- 
ing the intermediate level of nitrogen 
at rate of 52 p.p.m., was previously de- 
veloped for growing Biloxi soybean in 
sand culture, and an apparently normal 
growth of plants was obtained when it 
was employed in these experiments. 
Minor elements were supplied by a 
modified Hoagland solution (8). Solu- 
tions were applied daily in quantities 
sufficient to provide thorough flushing 
of the pots. 

The plants grown in control rooms re- 
ceived light from a combined carbon- 
arc-Mazda source of approximately 
1200 foot-candles at the surface of the 
pots (14). Those grown in the green- 
house received photoperiods both longer 
and shorter than those occurring natural- 
ly. In the former case supplemental light 
of approximately 50 foot-candles from 
100-watt incandescent filament bulbs 
was employed to extend the natural 
photoperiod; and in the latter the plants 
were covered with double-thickness, 
black sateen cloth or were moved into 


dark chambers after they had received 
the required photoperiod. 

Throughout the course of each ex- 
periment, the position of the first- 
flower node,’ the number of nodes at 
which flower primordia were formed, 
the total nodes in the main axis, and the 
presence or absence of terminal inflo- 
rescences were determined for plants of 
the various treatments by microscopic 
observation. The ¢-test (17) was em- 
ployed to measure the significance of 
differences occurring between plants of 
the various treatments. Differences sig- 

TABLE 1 
COMPOSITION OF NUTRIENT SOLUTIONS 


MOLAR CONCENTRATION OFC.P. SALTS | 


| 


SOLUTION - N 
NO. (P.P Mw.) 
MgSO,° |} CaCl. . eae 
ze PO. NaNO 
m0 | ao |S eer 
I ©. 0058) 0.0030! 0.0015; 0.90010; 14 
2 0058, .0030| .OOI5| .OOI5| 20 
3 . 0053 . 0030 . OO15 . 0018 26 
4 0055 0030) .OOI5 0037); 52 
5 ©. 0058) 0.0030) 0.0015) 0.0075) 105 


nificant at the 1% and 5% levels are 
reported as highly significant and sig- 
nificant, respectively. 


Experimentation and results 
EXPERIMENT | 

An initial experiment was carried out 
to determine the effect of various lengths 
of photoperiod on the formation of 
flower primordia in the varieties Lincoln 
and T-48. On March 5, 1943, a planting 
of seed of each variety was made in the 
greenhouse in soil in 4-inch pots, 144 
pots for a variety. The plants were sub- 

5 By “‘first-flower node” is meant that node on 
the primary axis of the plant at which the first 
flower primordia are formed. The cotyledons are 
located at node one, the primary leaves at node two, 
and the first compound leaf at node three. 
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jected to 20-hour photoperiods from time 
March 1g. Ten 
plants of each variety were dissected on 
the latter date and no flower primordia 
were present on any plant. Beginning at 
this time, twenty plants of each variety 
were subjected to daily photoperiods of 


of germination until 


12, 14, 16, and 20 hours, respectively. 
On March 27, eight plants of each 
variety were dissected, and flower pri- 


TABLE 2 
EFFECT OF PHOTOPERIOD ON EXPRESSION OF 
CERTAIN MORPHOLOGICAL CHARACTERISTICS 
OF LINCOLN AND T-48 SOYBEAN VARIETIES 
GROWN IN SOIL IN THE GREENHOUSE. SEED 
PLANTED MARCH 5 AND DATA COLLECTED 


APRIL 21, 1943. TOTAL OF TWELVE PLANTS 
PER LOT 
Aver: | 
Average | No 
No. node at | 
Photo- ie plants 
: plants which first- : 
Variety period = M : with ter- 
| ; flower- flower pri- f 
| (hours) : : minal in- 
ing mordia ; 
| florescence 
| occurred 
12... 12 5.0 ° 
Lincoln | } 14 : 12 5.8 ° 
| \16.. 12 6.5 ° 
| 30... 12 13.6 ° 
| 
{12 12 6.2 12 
r-48 J14 12 ae 12 
160 12 7.8 12 
20 2 14.0 ° 


mordia were present on plants of both 
varieties on the 12- and 14-hour photo- 
periods, while none were present on 
those of the 16- and 20-hour lots. The 
remaining twelve plants of each variety 
on 12-, 14-, 16-, and 20-hour photo- 
periods were dissected on April 21, when 
the experiment was terminated. Al- 
though flower primordia were present on 
all plants of the 12-, 14-, and 16-hour 
lots, and on some plants of the 20-hour 
lots (table 2), nevertheless there were 
differences between varieties and _ be- 
tween photoperiods irr the position of the 
first-flower primordia formed. With the 
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20-hour photoperiod, however, flower 
primordia were present on only two of 
the twelve T-48 plants, while they were 
present on all twelve of the Lincoln 
plants. The average position of the first- 
flower primordia on plants of each of the 
three shorter photoperiods, respectively, 
was approximately one node lower for 
Lincoln than it was for the T-48; with the 
20-hour photoperiod this difference be- 
tween varieties did not occur. Lincoln 
plants did not form a terminal inflores- 
cence with any of the four photoperiods 
and were still forming vegetative struc- 
tures at the apex of the main stem, while 
T-48 plants formed such an inflorescence 
when grown on each of the three shorter 
photoperiods. 


[EXPERIMENT IT 


On April 10, 1943, an experiment was 
started in the greenhouse with Lincoln 
and T-48 in which the plants were sub- 
jected to two different lengths of photo- 
period and three different conditions of 
nitrogen nutrition. Eight treatment 
blocks were established, each consisting 
of six rows and ten pots per row. Three 
successive rows of each block were re- 
stricted to a variety. The relative order 
of varieties was alternated throughout 
the eight blocks. 

Nutrient solutions 3, 4, and 5 (table 
1), varying in amount of nitrogen, were 
employed, a different solution for each 
row of a variety within a treatment 
block. Solutions 3, 4, and 5 supplied 
nitrogen at rates of 25, 52, and 105 
p-p.m., respectively, and were first 
applied immediately after planting of 
seed on April ro. All plants were main- 
tained on 18-hour photoperiod until 
April 21, at which time the plants were 
thinned to one per pot and four of the 
treatment blocks were started on a 14- 
hour and the four others on an 18-hour 
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photoperiod. These treatments were con- 
tinued until the experiment was termi- 
nated on June 15, 1943. 

Throughout the experiment several 
dissections were made of plants from the 
various treatment lots. The first of these, 
made on April 21 when the plants were 
thinned to one per pot, consisted of ten 
plants of each variety from each of the 
three nitrogen levels. Each lot of ten 
plants had developed an average of eight 
nodes per plant, and no flower primordia 
were present on any plant. On April 29, 
three plants of each variety on both dur- 
ations of photoperiod and the low and 
high nitrogen treatments were dissected. 
The plants were obtained from pots that 
served as guard rows for the various 
treatment blocks. On the 18-hour photo- 
period the only plants with flower pri- 
mordia were those of Lincoln grown with 
the low nitrogen treatment. With the 
14-hour photoperiod, all plants except 
those of T-48 on the low nitrogen treat- 
ment had flower primordia. A third dis- 
section, identical in size of sample with 
that of April 29, was made on May 6. 
Flower primordia were found on all 
plants except those of T-48 grown with 
an 18-hour photoperiod. 

On May 22, plants from two of the 
14-hour photoperiod blocks and two 18- 
hour blocks were harvested and dissect- 
ed. The position of the first-flower node 
was determined for all plants of both 
photoperiods. The total number of nodes 
at which flower primordia were formed, 
and the total number of nodes in the 
main axis, were obtained only for the 
plants that had received 18-hour photo- 
periods (table 3). Similar data could not 
be obtained with accuracy for the plants 
on 14 hours because of the compactness 
of their terminals. The average position 
of the first-flower primordia for Lincoln 
and T-48 was at the 5.5 and 6.8 nodes, 
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respectively, when plants were grown 
with the intermediate nitrogen treat- 
ments on the 14-hour photoperiod. An 
obviously significant difference between 
varieties in the location of first-flower 
primordia resulted when they were 
grown with this nitrogen treatment and 
an 18-hour photoperiod. In this case the 
primordia were developed at nodes 8.0 
and 12.8 for plants of Lincoln and T-48, 
respectively. The same difference also 
existed for the high and low nitrogen 
treatments. Since no significant differ- 
ence occurred among the various nitro- 
gen treatments of either variety for posi- 
tion of the first-flower node when grown 
on the 14-hour photoperiod, the only 
data recorded in table 3 are for plants 
on the 18-hour photoperiod. 

The position of the first-flower pri- 
mordia on plants of T-48 on 18-hour 
photoperiod was influenced by the com- 
position of the nutrient solution. In this 
case the difference between lots of the 
high as compared with those of the in- 
termediate and low nitrogen treatments 
was highly significant. The greatest 
difference in position of first-flower node 
for plants of Lincoln occurred between 
those grown on the low and those on the 
high nitrogen treatments, but this dif- 
ference was not statistically significant. 

Highly significant differences in the 
number of nodes in the main axis that 
bore flower primordia occurred for plants 
of T-48 grown with the highest and in- 
termediate nitrogen concentrations as 
compared with those at the low nitrogen 
concentration. No significant differences 
occurred in number of nodes bearing 
flower primordia for plants of Lincoln on 
the three nitrogen concentrations. On 
the other hand, while T-48 plants de- 
veloped a decreasing number of flower 
nodes with increasing concentration of 
nitrogen, Lincoln plants developed a 
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greater number of flower nodes with the 
intermediate and high concentrations as 
compared with the low. 

On the 18-hour photoperiods only 
Lincoln plants displayed a highly sig- 
nificant difference in total nodes. Such 
difference occurred between plants grown 
with low as compared with either those 
at intermediate or those at high nitrogen 
concentration. In general, with both 
varieties an increasing number of nodes 
were developed with increasing amounts 
of available nitrogen. 
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factory morphological data could not be 
obtained by the microscopic methods 
employed. 

With the 18-hour photoperiod all the 
T-48 plants at each of the three concen- 
trations of nitrogen had initiated a termi- 
nal inflorescence. Based on a total of 
twenty plants, the average node position 
above which terminal inflorescences were 
formed was 20.7, 23.4, and 24.1 for plants 
grown with the low, intermediate, and 
high concentrations, respectively. The 
Lincoln plants were just beginning to 


TABLE 3 


EFFECT OF NITROGEN CONCENTRATION ON EXPRESSION OF CERTAIN MORPHO 
LOGICAL CHARACTERISTICS OF LINCOLN AND T-48 SOYBEAN VARIETIES 
GROWN WITH SAND CULTURE IN THE GREENHOUSE ON 18-HOUR PHOTOPERIOD. 
SEED PLANTED APRIL 10 AND DATA COLLECTED MAY 22, 1943. AVERAGE OF 


TWENTY PLANTS PER LOT 


Nitrogen concen- 


Average node at 
which first-flower 


Total flower- 


Variety tration in nutrient : ‘ . Total nodes 
’ primordia bearing nodes 
(p.p.m.) 
occurred 

26 ; 7 Ak ee 8.g+0.9 18.9+0. 7* 
Lincoln |< 52 8.0+1.3 027.0 |. 22. 526:7 
105 oe Pt. % 10.0+1.6 | 22.4+0.7 
| | 26 . 12.0+0. 3 5,020.5 19.40. 5 
T-48 4 §2 : 12.8+0.4 4.90.7 21.0+0.4 
105... 15.6+0. 8* a §t0.5" 21.5+0.8 

* Significantly different from other two treatments at 1% level 


The sixty plants of each of the two re- 
maining 18-hour photoperiod blocks 
were harvested and dissected on June 
15, when the experiment was terminated. 
The main objective of this dissection was 
to locate the position of the terminal in- 
florescence for plants of each variety, but 
it also afforded an opportunity to re- 
check the position of first-flower pri- 
mordia as determined by the dissection 
of May 22. The plants of the remaining 
14-hour photoperiod blocks were not 
dissected, since as early as May 22 the 
nodes and internodes in the terminals 
had become so compacted that satis- 


form terminal inflorescences. Of a total 
of twenty plants, one Lincoln plant 
formed a terminal inflorescence at the 
low nitrogen level, while eight and nine 
plants from lots of twenty each had done 
so at the intermediate and high concen- 
trations, respectively. These  inflores- 
cences were formed above the 23.0, 25.5, 
and 25.7 nodes for plants of the low, in- 
termediate, and high concentrations, 
respectively. 

As was expected, the locations of the 
first-flower primordia for plants of Lin- 
coln and T-48 were the same as observed 
on May 22. These primordia were de- 
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veloped on Lincoln at the 7.2, 8.2, and 
g.2 nodes, respectively, for plants grown 
with the low, intermediate, and high 
concentrations, while on T-48 plants the 
first-flower node was at the 11.9, 12.7, 
and 15.5 node, respectively, with these 
nitrogen concentrations. 


EXPERIMENT III 
Plants for this experiment were grown 
with sand culture in 2-gallon glazed 
crocks with bottom drains and in a con- 
TABL 


EFFECT OF NITROGEN CONCENTRATION 
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a different solution for eight crocks of 
each variety. The plants were subjected 
to an 18-hour photoperiod, beginning 
with germination of seed. On August 
23 the plants were thinned to three per 
crock, and three plants of a variety on 
each of the three nitrogen treatments 
were dissected. The plants had no flower 
primordia and each had a total of eight 
nodes. 

The 18-hour photoperiod and the 
three nitrogen treatments were contin- 
ued until September 25, at which time 


E 4 


ON EXPRESSION OF CERTAIN MORPHO- 


LOGICAL CHARACTERISTICS OF LINCOLN AND T-48 SOYBEAN VARIETIES GROWN 


IN CONTROLLED-ENVIRON MENT 
PHOTOPERIODS. SEED PLANTED AUGU 


ROOM WITH SAND CULTURE AND 18-HOUR 


ST 18 AND DATA COLLECTED SEPTEM- 


BER 25, 1943. AVERAGE OF TWENTY-FOUR PLANTS PER LOT 


- | Average 
Nitrogen concen- | 


| 
| 


at which first- 


node 
Total flower- 


| 
4 ye : ae 
Variety tration in nutrient 7 . ~ Total nodes 
flower primordia bearing nodes 
(p.p.m.) | } 
| occurred 
a0 9.5+0.7f 3.5t1.1 16.51. 5° 
Lincoln 52 11.5+0.8 §.943.6 | 22. 34%12.1 
105 11.8+0.9 6.0+1.4 21.7+0.9 
20 10.8+0. 5f 4: 341.1 17.9g+1.3 
r-48 52 12.8+0.6 4.423.6 | 19.7+1.0 
105 13.1+0.8 3.6+1.1 20.1+0.8 
* Significantly different from other two treatments at 1% level 


t For T-48, significantly different from other two t 

ferent from 105 p.p.m. nitrogen treatment at 5% level. 
trolled-environment room maintained 
at 70° + 1° F. Seed of Lincoln and T-48 
varieties was planted August 18, 1943. 
The twenty-four crocks of a variety oc- 
cupied half of each of two opposite, 
semicircular benches. The blocks of the 
respective varieties alternated from one 
bench to the other. The benches were so 
constructed and oriented with reference 
to the light source that equal light en- 

ergies fell at the surface of all pots. 

Solutions 2, 4, and 5 (table 1), sup- 
plying nitrogen at 20, 52, and 105 p.p.m., 
respectively, were applied to the plants, 


reatments at 5% level; for Lincoln, significantly dif- 


the experiment was terminated and all 
plants were dissected. The node at which 
the first-flower primordia occurred, the 
number of nodes bearing recognizable 
flower primordia, and the total number 
of nodes in the main axis were observed 
for each plant. The data are shown in 
table 4. 

In general, the data indicate trends 
similar to those observed for plants 
grown in the greenhouse where compa- 
rable photoperiod and nitrogen treat- 
ments were employed (experiment IT; 
table 3). Differences significant at the 
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5% level were observed for node position 
of first-flower primordia with Lincoln 
plants grown at the low and the high 
nitrogen levels. There was no significant 
difference between plants of any other 
two treatments. Differences significant 
at the 5% level occurred for position of 
first-flower primordia of T-48 plants 
grown at low in comparison with either 
intermediate or high nitrogen levels. 

With respect to total flower nodes 
there were no significant differences be- 
tween plants of either Lincoln or T-48 
at the various nitrogen levels. However, 
as was the case in experiment II, plants 
of the Lincoln variety had an increasing 
number of flower nodes with increasing 
nitrogen concentration, while with T-48 
plants the highest number of flower 
nodes was developed at the lowest nitro- 
gen concentration. 

With increasing concentration of ni- 
trogen there was an increasing number of 
nodes developed on the main axis for 
both Lincoln and T-48 plants. The dif- 
ference in number of nodes was highly 
significant for plants of Lincoln grown 
with low as compared with either the 
intermediate or high nitrogen levels. In 
experiment II (table 3) this same degree 
of difference was observed only between 
plants of the low and high nitrogen 
levels. The difference in total nodes of 
T-48 plants grown with the various 
levels of nitrogen was not significant, 
however. This parallels the results ob- 
served for plants of this variety grown 
in the greenhouse experiment (table 3). 


EXPERIMENT IV 
In this experiment the effects of dura- 
tion of photoperiod on the initiation of 
flower primordia and the differentiation 
of terminal inflorescerces were observed 
for Morse and Virginia varieties. On 
June 21, 1943, plantings of each variety 
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were made in soil in 4-inch pots in the 
greenhouse. Plants were thinned to one 
to a pot, and ten of each variety were 
subjected to photoperiods of 8, 10, 12, 
14, 16, and 18 hours. 

Two plants of each variety on each 
duration of photoperiod were dissected 
on July 10. Flower primordia were pres- 
ent on all those grown with 8-, 1o-, and 
12-hour photoperiods. All Virginia plants 
had developed terminal inflorescences 
on these photoperiods but the Morse 
plants had not. Flower primordia were 
also present on the Virginia plants of the 
14-hour photoperiod but terminal in- 
florescences were not developed. One 
of the Morse plants on 14-hour photo- 
period had developed flower primordia 
and none of either variety on 16- or 18- 
hour photoperiod had formed them. 

The remaining eight plants of each 
variety on the various photoperiods were 
dissected when the experiment was ter- 
minated on July 22, and the data are 
shown in table 5. By this time both 
varieties had initiated flower primordia 
at all photoperiods from 8 to 18 hours in- 
clusive, but, as was the case for Lincoln 
and T-48, the development of first- 
flower primordia was progressively de- 
layed in both varieties by the longer 
photoperiods (table 5). Plants of Virginia 
formed terminal inflorescences when 
grown on photoperiods up to 14 hours, 
inclusive. No such inflorescence was de- 
veloped by any Morse plant when grown 
with these photoperiods nor by plants 
of either variety when grown with longer 
photoperiods. On 8- to 16-hour photo- 
periods Virginia initiated _first-flower 
primordia at a lower node position than 
did Morse. This means that flower-bud 
formation occurred earlier on Virginia 
than on Morse when the two varieties 
were grown with short photoperiods. On 
18 hours, however, there was little dif- 
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ference in relative earliness, the node 
position of first-flower primordia being 
about the same for the two varieties. 
Thus varieties may differ in relative 
earliness when grown with long and short 
photoperiods. 


TABLE 5 

EFFECT OF PHOTOPERIOD ON EXPRESSION OF 
CERTAIN MORPHOLOGICAL CHARACTERISTICS 
OF MORSE AND VIRGINIA SOYBEAN VARIETIES 
GROWN IN SOIL IN THE GREENHOUSE. SEED 
PLANTED JUNE 21 AND DATA COLLECTED 
JULY 22, 19043. TOTAL OF EIGHT PLANTS PER 
LOT 


AVERAGE NODE 


No. PLANTS AT WHICH No. PLANTS 

WITH FLOWER FIRST- FLOWER WITH TERMINAL 
Puoto- PRIMORDIA PRIMORDIA INFLORESCENCE 
PERIOD OCCURRED 
HOURS 

Morse} ‘"- | worse| ‘"™ | Morse) ** 

ginila ginia ginia 

8 8 8 5.0 3.0 ° 8 
10 8 8 2.9 3.4 ° 8 
12 § 8 5 6 3.6 ° 8 
14 8 8 8.5 5.6 ° 8 
160 8 8 9.9 8.4 ° ° 
18 5 5 14.0 | 14.5 fe) ° 


EXPERIMENT V 

Plants of this experiment were grown 
in sand cultures in a controlled-environ- 
ment room and with methods similar to 
those used in experiment III. Seed of 
Morse and Virginia were planted on 
July 15, 1943. Solutions 1, 4, and 5 
(table 1) were employed which supplied 
nitrogen at rates of 14, 52, and 105 
p-p.m., respectively. Eight crocks of 
each variety received the same solution. 
The plants were subjected to a 15-hour 
photoperiod immediately following ger- 
mination, and were thinned to four to a 
crock on July 24. At this time they were 
expanding their first compound leaf. 
Two plants of a variety at each nitrogen 
level were dissected at this time and no 
flower primordia were present. All 


nN 
NO 
wn 


Morse plants had developed eight nodes, 
while those of Virginia had 7.6 nodes 
with the low and intermediate nitrogen 
levels and 8.0 with the high level. The 
plants of each variety on each nitrogen 
level removed at the time of thinning 
were subjected to chemical analysis. The 
samples for analysis consisted of the 
portion of the plant above the primary 
leaves. Ammonia, nitrate, and soluble 
nonprotein nitrogen were determined ac- 
cording to methods reported earlier (13). 
There was no appreciable difference in 
the ammonia content, and the values are 
not reported. The data (table 6) indicate 
that plants of each variety grown with 
different concentrations of nitrogen con- 
tain different percentages of nitrate and 
soluble nonprotein nitrogen. With both 
varieties the percentages of nitrate nitro- 
gen for plants with intermediate con- 
centrations were more than double those 


TABLE 6 

PERCENTAGE OF NITRATE AND SOLUBLE NON 
PROTEIN NITROGEN IN MORSE AND VIRGINIA 
SOYBEAN VARIETIES GROWN WITH SAND CUL- 
TURE FOR 9 DAYS IN CONTROLLED-ENVIRON 
MENT ROOM. PLANTS SUBJECTED TO 15-HOUR 
PHOTOPERIOD AND VARIOUS CONCENTRA- 
TIONS OF NITROGEN. DATA BASED ON FRESH 
WEIGHT OF TISSUE 


Nitrogen , Soluble 
, ; Nitrate : 
— in nutrient nonprotein 
Variety nitrogen 
solution nitrogen 
o) P 
p.p.m.) 
4 0. 021 0. 253 
Morse 52 ao - 044 . 292 
10 . 046 310 
14 .022 166 
Virginia 52 . 052 210 
105 ©. 057 O. 234 


for plants grown with low nitrogen con- 
centration. The percentage of nitrate 
nitrogen in plants supplied intermediate 
and high nitrogen concentrations were 
more nearly alike. The percentage of 
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soluble nonprotein nitrogen of plants in- _first-flower primordia of Morse occurred 
creased with increasing amounts of ni- at nodes 8.9 and 9.9 on plants receiving B 
trogen in the nutrient solution, but the 14 and 105 p.p.m. of nitrogen, respec- that 
magnitude of the difference from the low tively. Virginia plants formed their Sen 
to the high concentration was consider- first-flower primordia at 8.1 and 78 rm 
° ° . . 5. 
ably less than that which occurred for the nodes, respectively, with these nitrogen wal 
percentage of nitrate nitrogen. The concentrations. ; 
: oe i , rece 
chemical analysis data indicate that the With respect to total flower-bearing “ai 
nitrate and soluble nonprotein nitrogen nodes, there was an increasing number effe 
content of the seedlings reflect the nitro- formed on plants of both varieties with thre 
gen content of the nutrient solution after increasing nitrogen concentration. No the 
TABLE 7 the 
EFFECT OF NITROGEN CONCENTRATION ON EXPRESSION OF CERTAIN MORPHO- Lin 
LOGICAL CHARACTERISTICS OF MORSE AND VIRGINIA SOYBEAN VARIETIES ing 
GROWN IN CONTROLLED-ENVIRONMENT ROOM WITH SAND CULTURE AND 15- pho 
HOUR PHOTOPERIOD. SEED PLANTED JULY 15 AND DATA COLLECTED AUGUST to. 
12, 1943. AVERAGE OF THIRTY-TWO PLANTS PER LOT The 
| es aa as Wie ties 
j 3 Average node at 
satis | ee eseriel | which first-flower Total flower- k _— 
Variety | trationin nutrient | ‘ : : ; Total nodes h 
ean.) primordia bearing nodes pac 
ee —_ : | 7 _eeerred oe etal to 
| ( 14... Sibert 8.g+0.5 2.3+0.7 14.8+0.7 hot 
Morse | 4 52.. len sona 9.7£0.5 3.9+0.8 17.5+0. 8f at 
| TER ne csae ces 9.9+0.3 | 3.9+0.7 17.620. 7" 
| | | val 
6" Seer rere S1t0;3 | 2.4t1.0 | 14.4+0.8 ods 
Virginia | < 52.. ver 8.0+0.6 | 5.5+0.9* 17.2+0.7f ‘ 
i ere 7.8+0.4 | s.671,0" 17.3+0.8T cre 
— — $$ —________1 ______ bec 
* Significantly different from 14 p.p.m. nitrogen treatment at 1% level. me 
t Significantly different from 14 p.p.m. nitrogen treatment at 5% level 
ant 
only g days of differential nitrogen treat- significant differences for total flower col 
ment. nodes occurred for plants of Morse, ant 
The plants were grown with the 15- while highly significant differences oc- ph 
hour photoperiod and the various nitro- curred for those of Virginia grown on the dif 
gen treatments until August 12, at which low in comparison with the intermediate Sut 
time the experiment was terminated and or high nitrogen levels. The difference in col 
all plants dissected. The node at which total nodes of Morse plants grown with flo 
the first-flower primordia occurred, the the low nitrogen level and those with the th 
number of recognizable flower-bearing high was highly significant. The differ- gr 
nodes, and the total nodes in the main ence between the total nodes of the de 
axis were observed for each plant. The plants grown with low and intermediate vir 
data are given in table 7. nitrogen levels was significant at the 5% ga 
The various nitrogen treatments did level. With Virginia significant differ- | 
not result in significant differences in ences occurred between plants grown tn 
position of the node -bearing the first- with the low and either the intermediate m 
flower primordia in either variety. The or the high nitrogen level. ws 
pe 
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Discussion 

BoRTHWICK and PARKER (2) report 
that certain soybean varieties initiate 
flower primordia only when subjected to 
short photoperiods, while others initiate 
such primordia even though the plants 
receive continuous illumination. With 
varieties showing the latter response the 
effect of photoperiod manifests itself 
through a shift in the position at which 
the first-flower primordia are formed on 
the plant. The varieties Morse, Virginia, 
Lincoln, and T-48 are capable of initiat- 
ing flower primordia on relatively long 
photoperiods and may possibly be able 
to do so with continuous illumination. 
The first-flower primordia of the varie- 
ties were initiated at a slightly higher 
node position on the plant axis with 
photoperiods of increasing duration up 
to 14 hours. With photoperiods of 16 
hours, flower primordia were produced 
at positions considerably higher for each 
variety than they were with photoperi- 
ods of 14 hours, and with further in- 
creases in photoperiod these differences 
became greater. This is interpreted to 
mean that with daylengths of 16 hours 
and longer the factor of photoperiod be- 
comes more critical for floral initiation 
and that slight changes in duration of 
photoperiod at this level result in marked 
differences in floral initiation. Although 
such varieties as Morse, Virginia, Lin- 
coln, T-48, and others (2) can initiate 
flowers on extremely long photoperiods, 
the fact that they initiate them at pro- 
gressively lower node positions with 
decreasing daylength substantiates the 
view that these varieties should be re- 
garded as short-day plants. 

The data in the literature on the nu- 
trient requirements of soybean for opti- 
mum plant development are somewhat 
conflicting. This appears to be due in 
part to a factor of varietal adaptability 


which commonly occurs when varieties 
are grown on soils of different fertility or 
in localities in which other factors of the 
environment may likewise be limiting 
(11). The more recent field work on soy- 
bean nutrition has been carried out in 
the Midwest cornbelt area. LANG (10), 
in summarizing recent fertility studies, 
states that, in general, soybean varieties 
are adapted to a wide range of soil types 
and yield better on comparatively in- 
fertile acid soils than do any other crop 
plants in the cornbelt area. However, it 
is stated that for heavy yields they gen- 
erally require relatively large quantities 
of plant nutrients, in comparison with 
other crop plants such as corn, and show 
a marked yield response to variations in 
natural soil productivity and to those 
treatments that develop soils to a favor- 
able fertility for other crop plants which 
may follow (10). Based on field experi- 
ments, NORMAN (12) reports that soy- 
bean can effectively use more nitrogen 
than is provided through nitrogen fixa- 
tion in the plant. The results of these 
workers suggest that some varieties may 
respond to different levels of fertility 
while others do not, when they are grown 
on certain natural daylengths. 
POEHLMAN (15) reported that Morse 
variety in the field outyielded Virginia 
on soils of high fertility. On the less fer- 
tile soils the difference in forage yield 
between the two varieties diminished, 
and on the least fertile soils Virginia out- 
yielded Morse. This reversal in variety 
yield with change in fertility level has 
also been noted by ETHRIDGE and HELM 
(5). Morse (11) likewise reports that 
Virginia is adapted to soils of low fertility 
but makes no comparison of its behavior 
with the Morse variety. In experiments 
in which plants were grown with sand 
culture, ALLEN (1) observed that Morse 
was far superior to Virginia in forage 
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yields when both were grown with high 
concentrations of either potassium or 
magnesium. ETHRIDGE and HeEtm (5) 
found Virginia and Wilson varieties su- 
perior to Morse and Mikado in yield of 
both seed and hay when they were 
grown on Lintonia fine sandy loam soil 
which was low in fertility. In contrast to 
Virginia and Wilson, the growth of 
Morse and Mikado was short and stem- 
my and their seeds were borne so near 
the ground that considerable loss oc- 
curred in harvesting. Lincoln and T-48 
have only recently been grown in the 
Midwest, and it is reported that the 
former responds to fertilizer while the 
latter does not (9). 

The present study has considered the 
response of Lincoln, T-48, Morse, and 
Virginia to different levels of nitrogen 
only in terms of the expression of certain 
morphological characteristics. For this 
reason no attempt is made to correlate 
the present experimental results with 
the yield results of varieties under field 
conditions. However, certain data have 
been collected which may furnish a basis 
for further study of the problem. 

The data indicate that although none 
of the four varieties investigated is pre- 
vented from flowering, the initiation of 
flower primordia in each is delayed by 
longer photoperiods. As noted earlier, 
when the factor of photoperiod alone 
was varied, the greatest differences in 
position of first-flower primordia oc- 
curred when the photoperiods were rel- 
atively long. When the factors of photo- 
period and nitrogen were both varied in 
the initial experiments with Lincoln and 
T-48, the greatest changes in position of 
first-flower primordia again occurred 
with the longer daylengths. Similarly, 
significant differences.for both the total 
nodes and the total number of nodes 
bearing flower primordia on the main 
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axis occurred only when plants were 
grown with long photoperiods. A some- 
what similar plant response to the fac- 
tors of nitrogen nutrition and photo- 
period has been noted in onion (16), 
Bulbing normally takes place only under 
long photoperiods, but when certain 
varieties are maintained on_ photo- 
periods at or near that critical for bulb 
formation the plants bulb earlier with 
low nitrogen concentration than with 
high. If the plants were to be grown fora 
sufficiently long period with these day- 
lengths, however, those on low nitrogen 
would most likely form smaller bulbs. 
On the other hand, on photoperiods sub- 
stantially longer than that critical for 
bulb formation there was no difference in 
bulb development when the plants were 
supplied different amounts of nitrogen. 

The node position at which first-flower 
primordia of the soybean varieties were 
formed varied more in response to nitro- 
gen nutrition when plants received long 
photoperiods than when they received 
short ones. The flower-forming stimulus 
of short photoperiods was so strong that 
flower primordia were formed when the 
seedlings were still very small. Floral 
initiation in these lots occurred before 
the influence of added nitrogen had be- 
come effective, so it is not surprising that 
variations in nitrogen nutrition were 
without effect on the position of first- 
flower primordia on such plants. 

With long photoperiods, significant 
differences in position of first-flower pr- 
mordia resulting from variations in ni 
trogen nutrition occurred in Lincoln and 
T-48 but not in Morse and Virginia. 
Morse and Virginia received a 15-hour 
photoperiod instead of an 18-hour one, 
however, and this may account for the 
difference in response of the two groups. 
The formation of first-flower primordia 
by both Lincoln and T-48 plants was 
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latest in the lots that received the great- 
est amount of nitrogen, and although 
significant differences occurred with both 
varieties, the differences were greater in 
T-48 than in Lincoln. 

With increasing amounts of nitrogen, 
Morse and Virginia showed an increasing 
number of nodes bearing flower primor- 
dia. The same trend was shown for 
Lincoln, but the differences were not sig- 
nificant. On the other hand, T-48 
showed the reverse trend. With this 
variety the effectiveness of the flower- 
inducing stimulus was evidently partial- 
ly suppressed in plants at the higher ni- 
trogen level because these plants had 
produced as many nodes and therefore 
as many positions for the formation of 
flower primordia as plants receiving the 
lower concentration of nitrogen. This 
result may be correlated in some degree 
with the fact that this variety is reported 
to respond less to field applications of 
fertilizer. 

Two general types of development are 
recognized in soybeans. One is called 
determinate and the other indeterminate 
(18). The distinction is mostly concerned 
with the kind and location of the inflores- 
cence. Development is indeterminate 
when no terminal inflorescence is formed 
and determinate when such an inflores- 
cence is formed. The pod-bearing habit 
is also determined by the development 
habit of the plant and whether or not 
terminal inflorescences are formed. 

On the basis of mode of pod formation, 
the determinate and indeterminate types 
have been described by ETHRIDGE, 
HELM, and KinG (6). With the latter 
there is ‘‘a dense array of pods on the 
central stem, terminating there in a 
blunt apex, with a thin dispersal on the 
lateral branches; and, with the former, 
a sparse and comparatively even dis- 
tribution of pods over all branches and 
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stems, a diminishing frequency toward 
the tip of the central stem being nota- 
ble.” Whether a variety has q determi- 
nate or indeterminate type of develop- 
ment may be correlated with some of the 
types of morphological response ob- 
tained with Morse, Virginia, Lincoln, 
and T-48. At least on the basis of wheth- 
er a terminal inflorescence is or is not 
formed under average field conditions, 
Morse and Lincoln are indeterminate 
and Virginia and T-48 are determinate 
types. The varieties Morse and Lincoln 
showed highly significant differences in 
total nodes with variation of nitrogen 
concentration on long  photoperiods. 
Morse did not initiate terminal inflores- 
cences on any photoperiods. Lincoln 
likewise failed to form terminal inflores- 
cences, except for a few plants in experi- 
ment II in which they were just begin- 
ning to form at the time of harvest. On 
the other hand, Virginia and T-48, 
which displayed substantially less varia- 
tion in total nodes with variation in ni- 
trogen concentration on long photoperi- 
ods, initiated terminal inflorescences on 
all photoperiods up to 14 or 16 hours. It 
is of further interest that Virginia and 
T-48 are types which can show sig- 
nificantly less variation of yield due to 
variations in soil fertility than do Morse 
and Lincoln. 

The type of data obtained from these 
experiments may have some bearing 
on the choice of varieties for late plant- 
ing. They suggest that, if it were neces- 
sary to plant at such a time that the 
seedlings would immediately be subjec- 
ted to short photoperiods, Morse might 
be more desirable than Virginia. Under 
such condition Virginia not only would 
begin to initiate flowers almost as soon 
as the plants came up but the plant 
would also form terminal inflorescences, 
thus limiting the number of places where 
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flowers and fruits could be borne. On 
the other hand, Morse plants would be 
expected to form first-flower buds slight- 
ly later than Virginia and to continue the 
differentiation of nodes and internodes 
at their terminals for a longer time, with 
the result that there would be more 
places for flower and fruit development. 

Soybeans planted in the field during 
the late spring make their early growth 
at a time when photoperiods are longest 
and therefore least conducive to flower- 
ing. The data of this paper show that it 
is under these photoperiodic conditions 
that the plants of certain varieties ex- 
hibit the greatest differences in their re- 
sponse to variations in nitrogen treat- 
ment. These differences have been meas- 
ured only in terms of variations in time 
and place of formation of flower pri- 
mordia and in certain other morpho- 
logical characteristics, and it is not 
known to what extent they may be re- 
sponsible for ultimate differences in 
yield. It is significant, however, that 
rather great differences occur with re- 
spect to these plant characteristics in 
response to nitrogen treatment and that 
varieties differ rather markedly in the ex- 
tent to which they exhibit such re- 
sponses. 

Summary 


t. In a study of the effects of photo- 
period and nitrogen nutrition on the ex- 
pression of certain morphological char- 
acteristics of soybean, plants of Morse, 
Virginia, Lincoln, and T-48 varieties 
were grown either in controlled-environ- 
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ment rooms or in the greenhouse and in 
either soil or sand cultures. 

2. In experiments in which nitrogen 
nutrition was not a factor, all varieties 
flowered on all durations of photoperiod, 
but first-flower primordia were formed 
at a higher node on the plant axis with 
the longer photoperiods. 

3. Position of first-flower primordia 
did not vary with nitrogen treatment 
when the plants were grown with short 
photoperiods. When grown with long 
photoperiods, however, plants of certain 
varieties initiated first-flower primordia 
at higher nodes as the amount of nitro- 
gen in the nutrient solution was in- 
creased. Variety T-48 was outstanding 
in this respect, Lincoln was intermediate, 
while Morse and Virginia were least re- 
sponsive. 

4. Plants of Lincoln and Morse grown 
on long photoperiods showed no effect 
of nitrogen concentration on the number 
of nodes bearing flower primordia, while 
there was an effect with Virginia and 
T-48. The number of flower nodes in- 
creased with increasing nitrogen con- 
centration in the case of Virginia, while 
the opposite trend was true for T-48. 

5. The total number of nodes per 
plant increased with increasing nitrogen 
concentration when Lincoln, Morse, and 
Virginia were grown on_ photoperiods 
that delay flowering, while this was not 
true for plants of the T-48 variety. 
BUREAU OF PLANT INDUSTRY, SOILS 
AND AGRICULTURAL ENGINEERING 

BELTSVILLE, MARYLAND 
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THE ORGANIC ACIDS OF LEMON FRUITS’ 


WALTON B. SINCLAIR AND D. M. ENY 


Introduction 

The organic acids are the chief soluble 
constituents of lemon juice. As the fruit 
matures, the free acidity of the juice 
increases and the pH decreases. These 
changes are determined by estimating 
the organic acids by titrating a known 
volume of juice with standard NaOH, 
with phenolphthalein as indicator, and 
expressing the result as citric acid. The 
total acidity, as usually reported for 
lemon juice, represents the free acids de- 
termined in this way. Such values, how- 
ever, do not show the relation between 
the kinds and amounts of organic acids 
in lemon fruits. The present study was 
carried out to determine these factors. 
The experiments involved the sampling 
of fruits of different sizes from a given 
plot of trees, at intervals during the 
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growing season, and the subsequent de- 
termination, on the juice of each sample, 
of the soluble solids, the pH, the poten- 
tiometric titration curve, the free acids 
determined on both the juice and the 
lead acetate precipitate, the citric and 
malic acids, and the alkalinity of the 
ash. From these data, the relation of pH 
to the free and combined acids was deter- 
mined. 

In studies on the organic acids of or- 
ange juice, largely from mature fruits, 
SINCLAIR, BARTHOLOMEW, and RAMSEY 
(7) have shown that the total acidity of 
the juice is due chiefly to citric and malic 
acids, and that the variations in acidity 
are due chiefly to changes in the citric 
acid concentration (8.38-25.39 mg./ml. 
of juice). They found, also, a definite re- 
lation between the free-acid—combined- 
acid balance and the pH of the juice. The 
concentration of combined acids in the 
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juice is remarkably uniform; this means 
that the free-acid concentration is the 
chief variable. 

In other studies on Valencia oranges, 
SINCLAIR and RaAMsEy (8) showed that 
the maximum amount of free acid was 
developed in the fruit early in the season 
and changed very little up to maturity. 
The concentration of free acids (milli- 
grams per milliliter) in the juice, how- 
ever, decreased considerably during fruit 
development. This decrease in free acid- 
ity with the corresponding increase in pH 
value was due chiefly to the decrease in 
concentration of citric acid brought 
about by an increase in volume of the 
fruit during the growing season. Al- 
though the malic acid concentration 
(milligrams per milliliter) in the juice 
stayed nearly uniform during the season, 
the actual amount in the fruit increased. 
The concentration of combined acid re- 
mained nearly uniform in the fruit, but 
the absolute amount per fruit increased. 
The amounts of combined acid deter- 
mined from the alkalinity of the ash 
were in agreement with the values deter- 
mined from the difference between the 
total- and free-acid radicals. During 
ripening, the changes in pH of the juice 
were definitely related to changes in per- 
centages of the total-acid radical in the 
free form. A similar relation was noted 
between pH and the percentage of free 
acid expressed on a fresh-weight basis. 

BARTHOLOMEW (1), in earlier studies, 
observed the decrease in pH value of 
lemon juice with the age of the fruit. 
Juice of Eureka lemons picked monthly 
between September and July showed a 
decrease in pH from 4.46 to 2.29. The 
greatest change in pH (4.46-2.91) oc- 
curred during the first 2 months of the 
sampling period and was accompanied 
by an increase in the Water content of the 
fruit (53.97-75.42%). Although the ti- 
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tratable acidities are not recorded for 
these experiments, the large decrease in 
pH during the first half of the experi- 
mental period would necessitate a corre- 
sponding increase in the amount of free 
acid in the juice. 

CALDWELL (2) has shown that, for a 
short period after the fruit has set, or- 
anges and grapefruit have a pH value 
close to that found in the vegetative 
parts of the plant. During this period of 
low acid and high pH, the fruit has a 
high total-solids content. Subsequent to 
this period there is a short transition 
period (as compared with the total time 
required for fruit development), in which 
the pH rapidly decreases from the high 
values of the vegetative tissues to the 
low values of the growing fruit. This con- 
dition leads to an accelerated rate of wa- 
ter absorption, resulting in a reduction of 
total-solids content of the fruit and maxi- 
mum hydration of the tissues. 


Material and methods 


The juice was extracted from the fruit 
samples (thirty to eighty lemons each, 
the number depending upon the size of 
the fruit), and a 300-ml. aliquot portion 
was centrifuged and used for the analy- 
ses. The refractive index was determined 
with an Abbé refractometer at 27°C., 
and the percentage of soluble solids and 
the specific gravity were read from a su- 
crose table. All pH values were deter- 
mined with a Beckman glass-electrode 
pH meter at 23° C. For the titrations and 
the citric acid analyses, the juice was di- 
luted with distilled water so that 25 ml. 
was equivalent to 1 ml. of juice. 

The free-acid content of the juice sam- 
ples was determined by two methods: (a) 
phenolphthalein titration and (b) poten- 
tiometric titration. The inflection point 
on the (potentiometric) titration curve 
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was taken to represent most accurately 
the amount of free acid in the juice. 

The quantitative determination of 
citric acid, free and combined, was made 
on the juice samples by the pentabrom- 
acetone method of PUCHER eé¢ al. (6). The 
sample was heated with H.SO, to con- 
vert the combined citrates to free citric 
acid, and the citric acid was oxidized to 
pentabromacetone by KMnO, in the 
presence of KBr. After extraction of the 
pentabromacetone with petroleum ether, 
the bromide ion was liberated with Na,S 
and subsequently titrated with standard 
AgNO,. The citric acid in the original 
sample was calculated from the titrat.on. 
Since this procedure specifies a quantity 
of citric acid of 1 to 20 mg., it was neces- 
sary tomodify the method slightly when 
juice samples containing more than 20 
mg. citric acid per milliliter were being 
studied. The only change necessary was 
an increase in the amount of standard 
AgNO, added in the final steps in order 
to measure the bromide ion present. 
With lemon juice containing approxi- 
mately 5% citric acid, an aliquot portion 
of diluted juice equivalent to 0.25 ml. 
pure juice was used for the pentabrom- 
acetone analysis. 

The malic acid was precipitated from 
the juice by a procedure described by 
HARTMANN and HILtic (5). The organic- 
acid fraction was precipitated from an al- 
coholic solution (80%) with lead acetate 
and the precipitate separated from the 
filtrate by centrifuging. The precipitate 
was washed twice with 80% alcohol, sus- 
pended in water, and freed of lead by 
passing H.S through the solution. The 
lead sulphide was filtered off and washed 
with water. The filtrate and washings 
were combined and diluted to a known 
volume. The malic acid was determined 
on aliquot portions of this solution by the 
pentabromacetone method of PUCHER ef 


ww 
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al. (6). The principle of the method in- 
volved the oxidation of malic acid with 
KMn0O,, in the presence of KBr, to a 
bromine compound volatile with steam. 
This compound reacts with dinitrophen- 
ylhydrazine to give a water-insoluble 
product which is soluble in pyridine. A 
pyridine solution of this substance, when 
correctly diluted with water and made 
alkaline with NaOH, develops a blue 
color proportional to the amount of 
malic acid present. 

The total acids (free and combined) 
were determined on the clear filtrate by 
the method of HARTMANN (3). An aliquot 
portion was evaporated to near dryness 
(one-tenth original volume), diluted (if 
necessary) to approximately 30 ml. with 
distilled water, and titrated with stand- 
ard NaOH. The results were reported as 
citric acid. This value is equivalent to 
the total polybasic acids in the juice. 

The amount of combined organic acid 
in the juice was found experimentally 
by measuring the alkalinity of the ash 
from an aliquot portion of juice. For each 
sampling, four 50-ml. aliquots of juice 
were ashed at 450° C. to a white residue. 
To this ash was added 5 ml. of standard 
2N HCl; the whole was washed into a 
100-ml. volumetric flask and diluted to 
volume with water; a 10-ml. aliquot was 
then titrated with standard NaOH. The 
difference in titer of NaOH between the 
sample and a blank solution of the HCl 
represents the alkalinity of the ash. The 
milliequivalents of HCl neutralized by 
the ash closely approximate the milli- 
equivalents of combined organic acid in 
the juice, since these organic salts de- 
compose to carbonates during ashing. 

A plot of thirty lemon trees (fifteen 
Eureka and fifteen Lisbon) was the 
source of the fruit used in studying the 
relation of fruit size to the pH and free 
acidity of the juice. All fruits used in this 
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particular experiment were tagged and 
measured when 1.5~2.0 cm. in diameter. 
As lemon trees bloom and set fruit in 
each month of the year, it is necessary to 
know the size of the fruit at the beginning 
of the experiment in order to correlate 
the size with the age of the fruit. To se- 
cure the juice from small fruits 2-3 cm. 
in diameter, they were peeled carefully 
with a knife. The resulting pulp, which 
amounted to one-fourth to one-third the 
TABLE 1 
RECOVERY OF MALIC ACID FROM 
PURE SOLUTIONS 


MALIC ACID RECOVERED BY 


MALIC ACID 


TAKEN | Gravimetric method | Colorimetric method 
(MG.) 
| mg % mg. % 
I. 00 ©. 99 99.0 | 1.00 | 100.0 
1.00. 1.06 106.0 | 0.95 95.0 
1.00.. -| 0.99 | 99.0 1.03 | 103.0 
2.00 | 1.99 | 99.5 2.08 104.0 
2.00 |} 2.00 103.0] 2:03 | TOI.5 
2.00 1.99 99.5 | 2.00 100.0 
3.00 3.06 102.0 | 2.98 | 99.3 
3.00 2.99 99-6 | 2.98 99-3 
3.00. 2.92 | 97.3 2.90 | 96.6 
5. 00 5.06 | 101.2] 5.20 | 104.0 
10. 00 10. 25 102.5 | 9.90 99.0 
2 


Mean....|. s.3) 300.8 or 100. 


volume of the whole fruit, was placed in 
a jar and frozen solid in a cold-storage 
chamber. After thawing, the pulp was 
subjected to a pressure of 20,000 pounds 
per square inch in a hydraulic press. The 
expressed liquid was centrifuged and 
analyzed. 


Results 
DETERMINATION OF MALIC ACID IN 
LEMON JUICE 


The malic acid values determined by 
the colorimetric method represent to a 
considerable degree of accuracy (within 
5%) the actual amount of malic acid in 
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the juice samples. Nevertheless, it was 
thought desirable to compare the gravi- 
metric and colorimetric methods on pure 
solutions of malic acid. The results ob- 
tained by both methods (table 1) gave 
satisfactory agreement. 

In the gravimetric procedure, the fac- 
tor reported by HARTMANN (4) was used 
to convert the hydrazine precipitate into 
malic acid (1 gm. hydrazine precipitate 
= 0.712 gm. malic acid). This factor is 
not significantly different from the exper- 
imental value determined in the present 
studies (1 gm. hydrazine precipitate = 


TABLE 2 
RECOVERY OF MALIC ACID ADDED IN VARIOUS 
AMOUNTS TO LEMON JUICE* 


MALIC ACID RECOVERY 
FROM LEAD-ACETATE 








. | Matic Matic 
EXPERI- | < . PRECIPITATE 
wea ACID ACID 
MENT ‘ta 
ie CONTENT ADDED j - 
: | (MG./ML.)|(MG./ML.) os | 
\ ) | Total | Added | , 
\(mg./ml.) |(mg./ml.) | " 
— aoe | om ae —E—— 
I S590 0.00 | 2.30 | ©.00 fs. 
2 | 2.30 0.50 | 2.80 | 0.50 100.00 
3 |} 2.30 | 1.00 | 3.36 | 1.06 | 106.00 
4 2.30 | 1.50 | 3.82 } 1.52 IOI .33 
5 2.30 | 2.00 | 4.40 2.10 105.00 





* Juice sample contained 63.90 mg./ml. citric acid. 


0.715 gm. malic acid). The precipitates 
that were weighed in the gravimetric de- 
terminations were obtained by distilling 
the volatile bromine compound of malic 
acid into dinitrophenylhydrazine and 
were not the result of direct precipitation 
from the oxidized solution (4). 

The thoroughness with which lead 
acetate precipitates malic acid from lem- 
on juice is indicated by the percentages 
of recovery listed in table 2. Different 
amounts of malic acid were added to 
aliquot portions of a lemon-juice sample 
and subsequently precipitated with lead 
acetate in 80% alcohol. The total amount 
of malic acid in this precipitate was de- 
termined as previously described. The 
lemon juice used for these determinations 
contained 63.90 mg. citric acid and 2.30 
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mg. malic acid per milliliter. The high 
concentration of citric acid served to test 
the effect of this organic acid on the re- 
covery of malic acid. 


RELATION OF FREE-ACID FRACTION TO 
CITRIC ACID CONTENT OF LEMON JUICE 
In previous studies on orange juice 
7, 8), the free acid calculated from the 
volume of standard NaOH required for 
neutralization, with phenolphthalein as 
indicator, was higher than the amounts 
determined by potentiometric titration. 
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lemons ranging from 4.0 to 7.0 cm. in 
diameter. The inflection point on the ti- 
tration curve of lemon juice occurred at 
approximately pH 8.10, in the region 
where phenolphthalein gave an initial 
color change. In this region the curve of 
lemon juice, like that of pure citric acid, 
is perpendicular to the abscissa, and only 
a very small increment of NaOH is need- 
ed to produce a large change in pH. 

The actual amount of citric acid in the 
lemon-juice samples, asdetermined by the 
pentabromacetone method (6), is shown 


TABLE 3 


RELATION OF FREE-ACID FRACTION TO CITRIC ACID CONTENT OF LEMON JUICE 





FREE ACID (AS CITRIC) CoMBINED 


Tova: DETERMINED BY Crrric AcID ACIDS (AS 
. Fruit 7 a SS (PENTABROM CITRIC) DE- 
SEAUe OF 5 a ACETONE TERMINEI 
. ) ) 
SAMPLE NO SAMPLING FRUIT UBLE > > : : : 
aan exgefean ata AME- | oe. | PS Phenolphthal- | Potentiometric METHOD) FROM ALKA 
oe? : . TER e ein titration titration LINITY OF ASH 
TURITY IDS 
(cM.) ¢ 
(oe) —_ 
mg./ml.| me./ml.|mg./ml.| me./ml. mg./ml.| me./ml. mg./ml.| me./ml. 
Lisbon 11/30/44 | Green 5.0 | 9.19 | 2.30 | 54.54 | 0.852 | 53.74 | 0.840 | 54.32 | 0.849 2.21 | 0.035 
Eureka 12/ 6/44 | Green 4.5 | 8.31 2.30 48.15 | 0.752 | 48.15 | 0.752 47.88 0.748 2.44 | 0.038 
3. Eureka 12/12/44 | Green 4.5 | 9.35 | 2.25 38.99 | 0.923 | 58.80 | 0. g19 | 53.08 | 0 829 3.10 | 0.049 
Lisbon 12/17/44 | Silver 4.5 | 9.48 | 2.26 | 61.50 | 0.961 | 61.50 | 0.961 | 64.96 | 1.015 2.9¢ | 0.045 
5. Lisbon 12/26/44 | Silver 5.7 | 9.09 | 2.38 | 58.07 | 0.907 | 57.88 | 0.904 | 52.00 | o 81 2.90 | 0.045 
1/10/45 | Yellow 7.0 | 7.96 | 2.22 | 53.01 | 0.828 | 53.01 | 0.828 | 54.47 | 0.851 2.03 | 0.032 
1/16/45 | Green 5.0 | 8.30 | 2.20 | 51.83 | 0.810 | 51.83 | 0.810 | 48.83 | 0.763 2.06 | 0.032 
1/18/45 | Yellow 5.0 | 9.01 18 | 56.68 | 0.885 | 56.68 | 0.885 | 56.45 | 0.88 1.60 | 0.025 
1/22/45 Yellow 6.5 | 9.17 2.15 58.47 | 0.913 58.80 | 0.919 59.14 0.924 1.80 | 0.028 
1/27/45 | Yellow 5.5 | 8.54 22 | 55.15 | 0.862 | 55.48 | 0.867 | 54.10 | 0.84 2.06 | 0.032 


This was because the phenolphthalein 
changes color between pH 8 and 9g, and 
more NaOH is required to reach the end 
point with phenolphthalein than to ti- 
trate the corresponding sample poten- 
tiometrically to pH 7.80—the inflection 
point on the titration curve. The titra- 
tion curve of pure citric acid is nearly 
perpendicular to the abscissa in that por- 
tion of the curve close to the neutral 
point, but the titration curve of orange 
juice has considerable slope within a sim- 
ilar region of the curve. 

With lemon juice, however, the free- 
acid values determined by the phenol- 
phthalein and -potentiometric titration 
methods gave good agreement (table 3). 
This was true for both green and mature 


in table 3. These values include both the 
free citric acid and that combined in the 
form of citrates. The total citric acid con- 
tent is approximately equal to the free 
acid. It can be seen that additional or- 
ganic-acid radicals are needed to account 
for the salt formation in the juice. These 
are supplied by the malic acid in the 
juice, as reported in table 5. The amount 
of organic acid in the salt form is reported 
as combined acid (table 3), calculated 
as citric acid from the alkalinity of the 
ash. The concentration of combined acid 
is comparatively uniform, when the wide 
range of maturity of the fruit samples is 
considered. 

The citric acid content of various 
lemon-juice samples, determined on the 
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pure juice and on the lead-acetate precip- 
itate, is recorded in table 4. Attention 
should be drawn to the close agreement 
between the citric acid values determined 
in the two cases. Apparently, lead ace- 
tate gave a complete precipitation of the 
citric acid radical (free and combined) in 
the juice. The free acid (as citric) is not 
significantly different from the actual 
citric acid content of the pure juice. 
These data show further that the non- 
acid constituents in lemon juice do not 


TABLE 4 
CITRIC ACID VALUES DETERMINED ON PURE 
LEMON JUICE AND ON LEAD-ACETATE 
PRECIPITATE 


CITRIC ACID DETERMINED ON 
| 


FREE ACID |__ ae a 
a (AS CITRIC) | | 
(mMG./ML.) roe Lead-acetate 
Pure juice ce 
| fue fail.) | precipitate 
| , | (mg./ml.) 
I 61.24 | 62.50 | 62.27 
2 55. 68 | 55. 21 coke 
3 58.80 | 53.08 53.00 
4 63.67 | 62.93 63.02 
5 70. 08 68.99 | 68.99 
6 57-85 | 58.24 | 58.46 
7 61.50 | 64.98 | 64.53 
8 58. 82 59-14 | $9.03 
9 55-25 | 55-87 56. 00 
IO 62. 37 65.00 65.00 


influence the determination of citric acid 
by the pentabromacetone method. 


POLYBASIC ACIDS OF LEMON JUICE PRe- 
CIPITATED WITH LEAD ACETATE 


According to HARTMANN (4), the or- 
ganic polybasic acids occurring in fruits 
are soluble in alcohol and are precipi- 
tated quantitatively as the lead salts 
from 80% alcohol. Since the acidity of 
lemon juice is due chiefly to the poly- 
basic acids, it follows that this procedure 
should serve to isolate them in nearly 
pure form from the other constituents in 
the juice. On this basis, the polybasic 
acids of lemon juice have been isolated 
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and subsequently determined quantita- 
tively by the oxidation methods. In 
table 5 the values are recorded as (1) 
total acid (as citric) titrated with stand- 
ard NaOH, with phenolphthalein as in- 
dicator, (2) citric acid, (3) malic acid, 
and (4) total citric and malic acids. The 
first three values were experimentally 
determined. 

The total-acid values (as citric) repre- 
sent all the acid groups precipitated from 
the juice with lead acetate. This precipi- 
tate included, if present, the lead salts of 
the fruit acids, the combined acids, and 
the acid salts of the juice. These titra- 
tion values are highly accurate, provided 
the lead-acetate precipitate is thoroughly 
washed with 80% alcchol to free it of ex- 
cess lead acetate and acetic acid. 

The polybasic acids precipitated from 
lemon juice with lead acetate are repre- 
sented by the citric and malic acid val- 
ues (table 5). It is obvious that the main 
portion of the total acids of lemon juice 
is citric acid. Although the concentration 
of malic acid is small in comparison with 
that of citric acid, the amount present 
has to be considered more than a trace, as 
usually reported in the literature. The 
malic acid concentration of lemon juice 
varied widely with the maturity of the 
fruit, however, the amount decreasing 
as the fruit ripened. The total-acid con- 
stituents (titratable acidity) of the lead- 
acetate precipitate are equal (within ex- 
perimental error) to the sum of the citric 
and malic acids, expressed in milliequiva- 
lents per milliliter. This is important be- 
cause it demonstrates that the actual 
amounts of citric and malic acids account 
for all the acid groups precipitated as the 
lead salts. 

If isocitric acid is present in more than 
microconcentrations, it should appear In 
the lead-acetate precipitate. Isocitnc 
acid does not yield pentabromacetone (4) 
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and consequently has no influence on the 
citricacid values determined by the penta- 
bromacetone method. The only possibil- 
ity leit would be for the isocitric acid to 
form another compound during the oxi- 
dation process and cause a slight increase 
in the malic acid values. 


RELATION OF PH TO FREE AND COM- 
BINED ACIDS IN LEMON JUICE 

The free-acid fraction of lemon juice is 
due mostly to citric acid. The combined- 
acid fraction is calculated as citric. The 
error in this calculation is small, since 
the malic acid content is very low in com- 
parison with the citric acid content, and 
the equivalent weights of the two acids 
are nearly equal (citric acid 64.02, malic 
acid 67.02). It is seen then that the buf- 
fering action of lemon juice is due to the 
weak acid (citric) and a salt, or salts (cit- 
rates), with acommon anion. The pH of 
the juice is therefore determined chiefly 
by the dissociation constant (pK,) and 
the ratio of combined acid to free acid. 
Other constituents that may contribute 
to the hydrogen-ion concentration in 
lemon juice are in such small amounts, in 
comparison with the citric and malic 
acid content, as to have little effect. 

The relation of pH to the concentra- 
tion of free acid (as citric, in milligrams 
per milliliter) in different samples of lem- 
on juice is shown in table 5. The juice 
from fruits that ranged from 4.0 to 6.0 
cm. in diameter showed only a slight 
variation in pH. Although the free acid 
(as citric) varied from 45.56 to 70.10 mg./ 
mi., the percentage of total acid in the 
free state showed little variation. This 
means that the combined acids (salts of 
inorganic cations) did not vary enough to 
produce more than a slight shift in pH. 
The average amount of citric acid in the 
combined form was 1.97 mg./ml. This 
relation is further borne out by the titra- 
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tion curve of lemon juice shown in fig- 
ure 1. These small fluctuations of pH 
correspond to changes in the salt content 
of 3.00-4.00%. 

The relation of pH to the percentage 
of total acid in the combined form (salt) 
is well illustrated in figure 1 by the titra- 
tion curves of lemon juice and of pure 
citric acid solutions. The concentration 
of the citric acid solution used in securing 
the data for one of the curves was 62.00 
mg. citric acid per milliliter; the concen- 
tration of free acid in the lemon-juice 
sample was equivalent to 61.50 mg. cit- 
ric acid per milliliter. Both the citric 
acid solution and the lemon-juice sample 
had, intentionally, nearly the same con- 
centrat on of free acid. The initial pH 
value of this pure citric acid solution was 
1.82; that of the lemon juice was 2.32. 
The initial point on the lemon-juice 
curve (fig. 1) was corrected for the salt 
occurring naturally in the juice (3.40% 
at pH 2.32). The percentage of acid neu- 
tralized, for all points other than the 
initial one, included the combined acids 
present in the original sample and the 
sodium citrate formed by the neutraliza- 
tion of part of the free acid. For purposes 
of this study, curves representing only 
50% of the total acid neutralized have 
been plotted on the graph. 

The slight between the 
curves (fig. 1) is indicated by the fact 
that the pH values on the lemon-juice 
curve are slightly higher than those on 
the citric acid curves, for a given amount 
of combined acid (salt). The curves are 
nearly parallel and consequently have 
nearly the same slope. The close similar- 
ity of these curves is evidence that lemon 
juice titrates like a pure citric acid solu- 
tion, because the free acid in the juice is 
composed chiefly of citric acid, and the 
ratio of free acid/combined acid is suffi- 
ciently great to diminish the salt effect 
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on the pH. The quantity of cations avail- 
able in the juice for combining with the 
organic acids is relatively small in com- 
parison with the concentration of free 
acids. Nevertheless, to designate the 
pH-salt relationships accurately, a cor- 
rection must be made for the combined 
acid naturally occurring in the juice. In 
titrating lemon juice with a strong base, 
it is possible to calculate the pH at any 
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J 


salt /acid is unity, and the pH is equal to 
pK,. At this point also the titration curve 
has a minimum slope and, consequently, 
a maximum buffer efficiency. 

In previous papers on orange juice 
(7, 8) it was shown that the combined 
acids calculated as the difference between 
the free acid and the sum of the citric 
and malic acids were approximately the 
same as the combined acids determined 
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Fic. 1.—Titration curves of lemon juice and of pure citric acid solutions, showing relation of pH to salt 


content, up to 50% of acid neutralized. Initial point 
naturally in the juice. 


point on the curve preceding the end 
point, with the familiar equation pH = 
pk, + log (salt/acid). 

Since lemon juice titrates like a pure 
acid solution, its buffer value is equal to 
that of any other weak acid. All weak 
acids have dissociation curves of the 
same shape and have equal buffer capac- 
ities at any given degree of dissociation 
(or fraction of acid neutralized). Lemon 
juice, like any weak acid, has the greatest 
buffer efficiency when 50% of its acid is 
in the salt form. At this point the ratio 


on lemon-juice curve was corrected for salt occurring 


from the alkalinity of the ash (all values 
calculated in milliequivalents). With 
lemon juice, however, the difference be- 
tween the free-acid fraction and the total 
organic-acid radical (citric and malic) is 
relatively much greater than the com- 
bined acids determined from the alkalin- 
ity of the ash (table 5). Experimentally 
this means that a small portion of the 
acid radical was in a form other than 
free acid or salt of the inorganic cations, 
but that it was accounted for in the citric 
and malic acid fractions of the Juice. 
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Since this particular form of the com- 
bined-acid radical was not titrated with 
NaOH, or did not exist in the juice as a 
salt of inorganic cations, the pH and ti- 
tration curve were not affected on the 
acid side of the inflection point. With re- 
spect to factors that affected the pH, the 
alkalinity of the ash gave a true com- 
bined-acid content of the juice. This is 
well demonstrated in figure 1. The dif- 
ference in the combined acids determined 
by the two methods strongly indicated 
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large increase in free acid. Further in- 
crease in fruit size, up to a diameter of 
6.0 cm., resulted in a decrease of approxi- 
mately 0.3 of a pH. After the free acid 
reached a certain concentration, which 
apparently appears when the fruit is 
about 4.0 cm. in diameter, the pH 
changed very little. The free acids, on the 
other hand, continued to increase grad- 
ually after the fruits had reached this 
diameter. 

It should be emphasized that these 
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Changes in pH and in free acid with fruit growth. Each point on the curves represents the mean 


of many determinations. Fruits sampled had been previously tagged when 1.5-2.0 cm. in diameter. 


that a small portion of the citric or malic 
acids existed in the ester form. This com- 
pound in the juice would fit the condi- 
tions just cited. 


CHANGES IN PH AND FREE ACID OF 
LEMON JUICE WITH FRUIT GROWTH 


The pH and free-acid values of the 
juice of lemon fruits of different sizes are 
shown in figure 2. Results show the in- 
crease in free acids and decrease in pH 
with increase in fiuit size. As the equa- 
torial diameter of the fruit increased 
from 2.0 to 4.0 cm., the pH value of the 
juice decreased from 5.20 to 2.60. The 
large reduction in pH at this period of 
fruit growth is due to a correspondingly 


fruits were picked according to size from 
the same trees throughout the sampling 
period. Each value on the two curves, 4 
and B (fig. 2), is the mean of many de- 
terminations on fruits of the same bloom. 
These curves are trends and represent 
the change in pH and free acid in the 
juice of fruits of known ages. As lemon 
trees bloom and set fruit in each month 
of the year, the relationships shown in 
figure 2 would probably not hold for 
fruits picked at random at any one time. 
This is borne out by the data of table 5, 
which show that the juice of fruits 5.5 
cm. in diameter may have more free acid 
(67.19 mg./ml.) than that of fruits 6.0 
cm. in diameter (54.66 mg./ml.). To 
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overcome most of this difficulty, the 
fruits that were sampled had been previ- 
ously tagged when they were 1.5-2.0 cm. 
in diameter. The size of the fruit may 
not indicate its age, unless fruits of the 
same bloom are used. BARTHOLOMEW 
(1), by tagging a great number of fruits 
and measuring at monthly intervals, 
showed the relation between the age and 
the diameters of lemon fruits. The curve 
(fig. 2) showing the change in pH with 
the size of fruit is in good agreement with 
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l'iG. 3.—Changes in pH with variations in con- 


centration of free acid in lemon juice during fruit 
development. 


change in pH of lemon juice with the age 
of the fruit. It is evident, therefore, that 
if the pH and total acids, respectively, 
were plotted against the age of the fruit 
rather than against the size, the trend 
of the curves would be the same. 

Figure 3 designates the changes in pH 
with variations in concentration of free 
acid (milligrams per milliliter) in fruits 
ranging between 1.5 and 6.0 cm. in diam- 
eter. This curve is interesting because it 
shows the rapid increase in the hydrogen- 
ion concentration of the fruit, from the 
low values approaching those of the vege- 
tative tissues to the high values of the 
growing fruit. This curve demonstrates 
again that when the free acid reached a 
concentration of about 40 mg./ml., fur- 
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ther increases 
changes in pH. 


produced only slight 


Summary 

1. The acidity of lemon juice is due 
chiefly to citric and malic acids. If other 
acids are present, they exist in very small 
amounts. The citric acid determined on 
the pure juice does not differ significantly 
from the amount precipitated by lead 
acetate. The total acid content precipi- 
tated from lemon juice by lead acetate is 
equal (within experimental error) to the 
sum of the citric and malic acids. 

2. The difference between the free- 
acid fraction and the total organic-acid 
radical (citric and malic) is relatively 
much greater than the combined acids 
determined from the alkalinity of the 
ash. Since this difference is not reflected 
in the titratable acidity or pH values, it 
probably represents the quantity of or- 
ganic acid in the ester form. The alkalin- 
ity of the ash represents the organic acid 
combined in salt form with the excess in- 
organic cations. 

3. The titration curve of lemon juice 
is very similar to that of a pure citric acid 
solution, provided a correction is made 
for the combined acid naturally occurring 
in the juice. There is a definite relation 
between the pH and the amount of acid 
in the salt or combined form. The small 
fluctuations in pH of mature lemon juice 
are correlated with the large ratio of free 
acid/combined acid. 

4. The free acids (milligrams per milli- 
liter) increased and the pH of the juice 
decreased with increase in fruit size. The 
large reduction in pH (5.20 to 2.60) 
which occurred in fruits 2.0-4.0 cm. in 
diameter was due to a correspondingly 
large increase in free acid. Further in- 
crease in fruit size (up to 6.0 cm. in diam- 
eter) resulted in a slight decrease of ap- 
proximately 0.3 of a pH, while the free 
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acids gradually continued to increase in 
the juice. 


lor the past 4 years, investigations on 
the organic acids of citrus fruits have 
been in progress at this station. During 
this period we have had at all times the 
benefit of discussions with the following 
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members of the Research Department of 
the California Fruit Growers Exchange: 
Messrs. W. E. Barer, J. W. STEVENs, 
and P. W. RonrBaucH; and Drs. GLENN 
H. JoserH and EpwIn F. BRYANT. 
UNIVERSITY OF CALIFORNIA 

Citrus EXPERIMENT STATION 

RIVERSIDE, CALIFORNIA 
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CARPELLARY AND PLACENTAL STRUCTURE 
IN THE SOLANACEAE 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 570 


MARY AILEEN MURRAY 


Introduction 


There has been much speculation on 
the exact morphology of the carpel and 
placentae in the Solanaceae. The axile 
placentae and cauline ovules ascribed to 
this family by most workers are difficult 
to reconcile with the Candollean theory 
that all floral parts are specialized leaves. 
According to the classic theory, an ovary 
is composed of one or more carpels, each 
of which is morphologically comparable 
to a folded leaf bearing ovules on its 
margins. In a syncarpous ovary, how- 
ever, the carpels are undiverged, and the 
axis may extend into the gynecium. The 
problem is to determine whether the 
carpel walls, the septa, and the ovule- 
bearing portions of the placentae are 
cauline, foliar, or both. 

A total of fourteen genera and twenty- 
one species of this family were selected 
for investigation, including members 
with fleshy and with only slightly fleshy 
placentae. On the basis of the anatomy 
of each flower, it was noted that WETT- 
STEIN’s (23) phylogenetic arrangement 
of the genera agrees rather closely with 
a sequence based on floral anatomy. 
While this paper is not specifically one 
on phylogeny, the phylogenetic approach 
proved the best method of co-ordinating 
the material. 

The Solanaceae contain many plants 
of economic importance. These can be 
divided into three groups. Solanum tuber- 
osum (potato), S. nigrum var. guineense 
(garden huckleberry), S. melongena var. 
esculentum (eggplant), and species of 
Lycopersicon (tomato) and Capsicum 


(pepper) are sources of food. Nicandra 
physalodes and species of Lycium, Da- 
tura, Nicotiana, Petunia, Nierembergia, 
Salpiglossis, Schizanthus, Cestrum, Brun- 


felsia, Solanum, and Browallia are cul- 


tivated as ornamentals. Several members 
are grown for the alkaloids they contain. 
These include Atropa belladonna, Hyos- 
cyamus niger, Datura stramonium, and 
species of Nicotiana. 

The flowers of the Solanaceae are hy- 
pogynous and generally actinomorphic, 
calyx four- to six-lobed and persistent, 
corolla sympetalous and generally five- 
lobed, stamens five, and the filaments 
adnate to the corolla and alternate with 
the corolla lobes. The ovary is usually 
bicarpellate, but in some plants there 
may be three to five carpels. The ovules 
are generally numerous and borne on 
more or less fleshy placentae. The fruit 
is a capsule or a berry. The Solanaceae 
are most closely related to the Scrophu- 
lariaceae but are separated from this 
family by having bicollateral bundles and 
an ovary which is oblique in relation to 
the median plane of the flower. 

Among families in which the ovary is 
superior and bicarpellate and the corolla 
sympetalous, WERNHAM (22) lists the 
following tendencies: (a) actinomorphy 
to zygomorphy; (b) reduction in number 
of fertile stamens; and (c) reduction in 
number of ovules per carpel. The first 
two tendencies are particularly evident 


in the Solanaceae. 


Material and methods 
The plants listed were studied. The 
genera have been arranged according to 
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the classification of WETTSTEIN (23) in er flowers are actinomorphic, the sta- lev 
ENGLER and PRANTL’s Die Natiirlichen mens are fertile and of equal size, and gel 
Pflanzenfamilien: there are two adaxial bundles to each dle 
Nicandreae........ ... Nicandra physalodes Pers. a 
ee ee Oe Lycium halimifolium Mill. the 
° Atropa belladonna L. (fis 
Solaneae-Hyoscyaminae. . . Hyoscyamus niger L. thi 
| Physalis alkekengi L. (P. francheti Hort.) cv 
Capsicum Srutescens L. var. grossum Bailey ou 
(Early Wonder) ; 
Solanum tuberosum L. ell 
S. nigrum var. guineense L. div 
Solaneae-Solaninae........ S. melongena L. var. esculentum Nees. an 
| S. pseudocapsicum L. the 
S. dulcamara L. 

S. rostratum Dunal - 
Lycopersicon pimpinellifolium Mill. (included wh 
under Solanum by WETTSTEIN) up 
Datura stramonium I - 
PD i psieent oe D. sdhiloialen Duna! : _ 
she 
Nicotiana sanderae Sander (Crimson Bedder) at 
Costane-Mipotainae nas sane wil (Snowstorm-Giant Single) : 

Nierembergia hippomanica Miers 
Gilpaelouisdeae Sal piglossis sinuata Ruiz and Pav. Ph 
- Schizanthus pinnatus Ruiz and Pav. pel 
wh 
The flowers and fruits were collected carpel. Physalis alkekengi has been chos- sit 
at various stages in development, killed en as typical of this group. at 
and fixed either in Navashin’s solution The pedicel of P. alkekengi is an am- mc 
or in formalin-acetic-alcohol, dehydrated phiphloic siphonostele; in the receptacle iti 
by the usual tertiary butyl-alcohol meth- the vascular tissue consists of ten dis- bu 
od, and imbedded in paraffin. Both longi- ‘tinct bundles (fig. 25). The first five Th 
tudinal and transverse serial sections divergences extend outward and are the tw 
were cut at 12 p, although some of the median sepal bundles. At the periphery, tw 
large fruits were sectioned at 20 u. The lateral divergences from the sepal bun- the 
material was then stained in a modified dles are anastomosed with one another the 
I'lemming’s triple stain. (fig. 26). Slightly distal to the main sepal tar 
: divergences, the vascular cylinder is of 
Observations again continuous. Next there are five ten 
Of the flowers studied, those of Ni- petal divergences (fig. 26) alternating wh 
candreae, Solaneae, and Datureae follow with the sepal bundles and accompanied thr 
essentially the same pattern of floral by small parenchymatous gaps. At each bu: 
anatomy. The exceptions are Solanum side of the main petal bundle there is a the 
rostratum, which appears to be an anoma- lateral divergence, so that the corolla $0 
lous form, and Hyoscyamus niger, which _ has fifteen prominent bundles in all. The ov; 


has slightly irregular flowers. All the oth- vascular tissue is again continuous at a be 








n- 
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level slightly distal to the petal diver- 
gences. Opposite the median sepal bun- 
dies and alternate with those of the 
petals, five stamen bundles diverge from 
the stele without accompanying gaps 
(fig. 27). After the divergence of the first 
three sets of floral parts, the vascular 
cylinder is elliptical and again continu- 
ous. In the middle of the long arcs of the 
ellipse two large bundles (the adaxials) 
diverge toward the center of the ovary 
and are accompanied by gaps. At almost 
the same level the remaining portion of 
the ellipse is broken into small bundles 
which diverge outward slightly and then 
upward. These are bundles of the carpel- 
lary walls. The abaxial bundles of the 
carpels begin at the middle of the two 
short arcs of the ellipse, diverge outward 
at a slightly more distal level than the 
other carpellary bundles, and extend up- 
ward the length of the style (figs. 27, 28). 

There are usually two carpels in 
Physalis. The abaxial bundle of ore car- 
pel is opposite the mid-bundle of a petal, 
while the other abaxial bundle is oppo- 
site a stamen bundle (fig. 29). At the level 
at which the two adaxial bundles are al- 
most in the center of the ovary, four cav- 
ities become evident between the adaxial 
bundles and those of the carpellary walls. 
Then each adaxial bundle is divided into 
two, one foreach carpel. The tissue be- 
tween the two cavities in each carpel or 
the tissue between the carpel wall and 
the placenta extends for only a short dis- 
tance. Distal to this, the ovary consists 
of the carpel walls, the two loculi, and 
two massive placentae bearing ovules 
which are supplied with vascular tissue 
through divergences from the adaxial 
bundles (fig. 29). At the top of the ovary 
the two septa do not meet completely, 
so that the uppermost portion of the 
ovary and the base of the style appear to 
be unilocular. Still farther up the style 
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there is no cavity, the entire central por- 
tion being occupied by transmitting tis- 
sue. The smaller anastomosing bundles 
of the carpellary walls and the adaxial 
bundles are not present in the style, but 
the abaxial bundles extend to the stigma 
(fig. 30). 

From the standpoint of interpretive 
morphology it is necessary to note the 
position of the xylem and the phloem in 
the adaxial bundles. These bundles di- 
verge from an amphiphloic siphonostele 
and remain bicollateral until they are di- 
vided at the level where the four cav- 
ities first become evident. Then the 
xylem is separated into two groups by 
parenchymatous rays, phloem is differen- 
tiated completely around each group of 
xylem, and the bundles are amphicribral. 

The other genera of Nicandreae, 
Solaneae, and Datureae follow rather 
closely the floral anatomy of Physalis. 
There are, however, some differences. In 
Lycium halimifolium the five divergences 
to the sepals may or may not be accom- 
panied by very small gaps. After these 
first divergences, the stele is star-shaped. 
From each of the fivé points there is a 
divergence—the lateral sepal bundle. 
Smaller lateral bundles may be formed 
either through trifurcation of the main 
lateral or as divergences from this bundle 
after it is already differentiated (fig. 14). 
Hyoscyamus niger differs from all other 
Solanaceae studied in the formation of its 
sepal bundles. The divergences to the 
sepals are not separate traces but an en- 
tire ring of tissue. Certain portions of this 
outer cylinder stain darker and become 
differentiated into five large median, five 
large lateral, and an indefinite number of 
small anastomosing bundles. The ring of 
darker-staining tissue remains in the 
calyx and becomes lignified in the mature 
flower (figs. 19-23). Capsicum frutescens 
var. grossum and Solanum melongena var. 














Fics. 1-18.—Transections of flowers from pedicel to apex showing comparable stages in floral develop- 
ment. Species in figs. 1-go arranged in phylogenetic sequence. Figs. 1-6, Nicandra physalodes. Figs. 7-12, 
Atropa belladonna. Figs. 13-18, Lycium halimifolium. Figs. 10, 11, shown without sepals. Figs. 6, 12, 18, 
style. (vc, vascular cylinder; sb, sepal bundle; pb, petal bundle; s#b, stamen bundle; adb, adaxial bundle; 


abb, abaxial bundle.) 
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elop- Fics. 19-36.—Transections of flowers from pedicel to apex. Figs. 19-24, H yoscyamus niger. Figs. 25-30, 
12, Physalis alkekengi. Figs. 31-36, Capsicum frutescens var. grossum. Figs. 29, 35, Shown without sepals. Figs. 
, 18, 24, 30, 36, style. 
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Fics. 37-54.—Transections of flowers from pedicel to apex. Figs. 37-42, Solanum tuberosum. Figs. 43-48, 


Solanum rostratum. Figs. 49-54, Lycopersicon pimpinellifolium. Figs. 42, 54, Style. 
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55—72.—Transections of flowers from pedicel to apex. Figs. 55-60, Datura stramonium. Figs. 61-06, 


iana glauca. Figs. 67-72, Petunia hybrida. Figs. 59, 65, 71, shown without sepals. Figs. 60, 66, 72, style. 
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Fics. 73- ‘Traneccts 
S. 73-90.—Transections ers f i 
Figs. 79-84 Salpiglossis a x flowers from pedicel to apex. Figs. 73-78, Nierembergia hi 
5% SStS § . ' ) > - . . pe nde ic 
uata; figs. 81-83, shown without sepals; fig. 84, showing an mee a 
; fig. 84, s y stamens an 
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esculentum are commercial forms. Be- 
cause cultivation has brought about a 
multiplication of floral parts, the floral 
anatomy of these plants differs somewhat 
from that of the ancestral types. Pepper 
has six sepals (figs. 32-34), while egg- 
plant is even more variable. In most of 
the latter there are eight sepal diver- 
gences which do not come from the cyl- 
inder at the same level. These diver- 
gences are in two sets.of four each, those 
of one set alternate with those of the 
other and at a level slightly distal to the 
first four. The anastomoses of the sepal 
bundles in Datura stramonium (fig. 56) 
and D. meteloides form an almost con- 
tinuous ring of tissue between the main 
sepal bundles. 

The differences in petal and stamen di- 
vergences require only brief mention. In 
Lycium (fig. 15), Capsicum (fig. 32), 
Solanum dulcamara, and Lycopersicon 
fig. 50) the petal divergences are accom- 
panied by parenchymatous gaps in the 
vascular cylinder, but no gaps are associ- 
ated with the stamen divergences in any 
plant studied. The vascular cylinder does 
not again become continuous after the 
petal divergences in Capsicum (figs. 32 
34). In the cultivated forms of Solanum 
melongena var. esculentum and Datura 
meteloides the number of petals and sta- 
mens is indefinite, and there is no sharp 
differentiation between these two floral 
sets. 

The ovary of Nicandra physalodes 
usually consists of five carpels. The abax- 
ial bundle of each carpel is opposite a 
petal bundle (fig. 4). In the formation of 
the carpellary vascular system from the 
stele, there are five outward divergences 
accompanied by gaps. These divergences 
are the abaxial bundles. Between each 
gap the remaining vascular tissue di- 
verges outward and is divided into two 
strands. Each strand represents an adax- 


to 
v1 
a 


ial bundle and several small bundles 
which are anastomosed through the car- 
pellary tissue with the abaxial bundle. 
The two adaxial bundles which diverge 
together are for two carpels whose edges 
represent a septum common to both (figs. 
3-5). When these adaxial bundles di- 
verge they are bicollateral, but at more 
distal levels they are amphicribral. 

In Lyctum halimifolium a complete 
siphonostele remains after the stamen 
divergences (fig. 15). Two bundles oppo- 
site each other—the two abaxial bundles 
—diverge outward slightly and are ac- 
companied by gaps. The remaining por- 
tion of the cylinder is broken into four 
equal arcs, each divided periclinally. The 
bundles of the carpellary walls diverge 
from the outer portion of each arc, while 
the inner parts of the four arcs diverge 
toward the center of the ovary and are 
the four adaxial bundles (figs. 16, 17). 
Since these periclinal divisions of the 
stele are through the xylem, each adaxial 
bundle has xylem facing the loculus and 
phloem centrad to the xylem. At more 
distal levels the bundles become amphi- 
cribral. 

The carpel bundles of Aéropa bella- 
donna are derived from a stele in the form 
of an ellipse (fig. 9). In the two short 
arcs two bundles diverge outward slight- 
ly and are the two abaxial bundles. From 
the long arcs of the ellipse two large cen- 
tral bundles on each side diverge inward 
and are the four amphicribral adaxial 
bundles (figs. g-11). 

The cultivated 


variety, Capsicum 


frulescens var. grossum, has a three-car- 


pellary ovary. The three abaxial bundles 
diverge from the vascular tissue centrad 
to three alternate stamen divergences. 
The inner portions of the other three sta- 
men divergences form three adaxial bun- 
dles. At the level at which the three loculi 
can first be distinguished, the three adax- 
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ial bundles are in the septa. Then each 
adaxial bundle is divided into two, one 
for each adjacent carpel (figs. 33-35). 

The carpellary anatomy of Solanum 
tuberosum (figs. 39-41), S. nigrum var. 
guineense, S. pseudocapsicum, S. dul- 
camara, and Lycopersicon pimpinelli- 
folium (figs. 51-53) is similar to that of 
Physalis. In S. nigrum and in L. pim- 
pinellifolium (figs. 53) the four adaxial 
bundles form an almost continuous cylin- 
der of vascular tissue. No attempt has 
been made to interpret the ovary of S. 
melongena var. esculentum. Such an ex- 
planation is difficult without access to the 
ancestral type. In the large fleshy gynecia 
of the cultivated forms the carpellary 
tissue is very much proliferated and 
somewhat distorted. The number of car- 
pels is indefinite. Ordinarily there are 
five to six around a thick central mass of 
tissue, in which one to two additional 
carpels may be found. The latter may 
constitute another set of carpels pro- 
duced from the axis, which has remained 
meristematic. Such additional sets of 
carpels are found in the navel orange, in 
many ‘‘double”’ flowers, and are not un- 
common in the Solanaceae, having been 
observed in both pepper and tomato. The 
vascular supply to the carpels of egg- 
plant is derived from the siphonostele re- 
maining after the stamen divergences. At 
a level just proximal to the formation of 
each carpel, the two adaxial bundles and 
the bundles of the carpellary wall diverge 
inward, so that the position of each car- 
pel becomes first delimited by vascular 
tissue which is horseshoe-shaped. In the 
mature carpel there are two semicircles 
of vascular bundles around each carpel, 
and the ovules are borne on the placenta 
and also on what appears to be the carpel 
wall. ¢ 

At the level at which the petal and 
stamen bundles diverge outward in 
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Datura stramonium, there are two inward 
divergences which are directly opposite 
each other, are accompanied by gaps, and 
are divided to form four strands of vas- 
cular tissue (fig. 57). These inward di- 
vergences are the four adaxial bundles, 
which differentiate as amphicribral bun- 
dles in the center of the ovary. After 
these divergences a continuous cylinder 
of meristematic tissue !s formed (fig. 58). 
rom it are differentiated two abaxial 
bundles, many small bundles in the car- 
pellary walls, and two somewhat larger 
and distinct bundles in each of the septa 
(fig. 59). These last four bundles are 
probably not different from the bundles 
in the carpellary walls, but they seem to 
be much more distinct than the anasto- 
mosing bundles in D. stramonium and 
extend up into the basal part of the style. 
The lower half of the ovary and the fruit 
appears to have four carpels, resulting 
from the extension of tissue from the 
wall of each carpel to the placenta oppo- 
site the abaxial bundle. There are no 
vascular bundles in this tissue, however, 
and the structure seems to have no mor- 
phological significance. 

The floral anatomy of the anomalous 
form, Solanum rostratum, resembles most 
closely that of Schizanthus pinnatus. The 
flowers show a marked tendency toward 
zygomorphy, with the large lower sepal 
and stamen differentiating before the 
other floral parts (fig. 44). This stamen is 
twice as large as the others (fig. 48). After 
the divergences to the first three floral 
sets, the vascular cylinder is divided into 
two abaxial, two prominent adaxial, and 
smaller bundles in the carpellary walls 
(fig. 45). The two adaxial bundles diverge 
from the periphery of the ovary to its 
center and fuse to form one adaxial bun- 
dle for the two carpels (figs. 46, 47). 
When the adaxial bundles are diverging, 
they are bicollateral; after they fuse, the 
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ne bundle is amphicribral. Solanum is an 
xtensive genus, and it is possible that 
volution has taken place within the 


enus itself. 


While the floral anatomy of the genera 
tudied in Cestreae-Nicotianae and Sal- 
jiglossideae is basically like that of 
Physalis alkekengi, individual descrip- 
ions are necessary to explain the dif- 
ferences. 

After the divergence of the two abaxial 
undles in Nicotiana sanderae, the re- 
maining carpellary tissue consists of a 
undle adjacent to each abaxial bundle 
ind two long segments of vascular tissue 
pposite each other and on alternate 
radii from the abaxial bundles. From the 
niddle of each segment an adaxial bun- 
ile diverges toward the center of the 
jower and is divided. There are two 
umphicribral adaxial bundles for each 
arpel. In V. glauca the two adaxial bun- 
les diverge toward the center of the 
wary (figs. 63, 64). For a short distance 
they are fused to form one double bun- 
le. Distal to this there is one adaxial 
undle in the placenta of each carpel 
ig. 65). 

Each of the five sepal divergences of 
Petunia hybrida trifurcates to form one 
median and two lateral sepal bundles 
fig. 68). These sepal divergences are not 
accompanied by parenchymatous gaps, 
ut small gaps may be associated with 
the petal divergences. While all the sta- 
mens are fertile, one is smaller than the 
ther four The cylinder remaining after 
the stamen divergences is divided into 
iour segments—two large ones opposite 
rach other and two small ones on alter- 
nate radii (figs. 69, 70). An abaxial bun- 
lle and two bundles for the carpellary 
wall are derived from each small seg- 
ment. The large one is broken into sev- 
tral bundles for the carpellary wall and 
an adaxial bundle which diverges toward 
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the center of the flower. Each adaxial 
bundle may be double or divided into 
two bundles (fig. 71). In the mature 
ovary the adaxial bundles are amphi- 
cribral. 

In Nierembergia hippomanica there are 
ten sepal divergences, which are not ac- 
companied by gaps. Five of these are the 
main sepal bundles and five are laterals 
(fig. 74). When the calyx is separated 
into lobes, the laterals form a dichotomy 
with one branch to each adjacent lobe. 
The petal and stamen bundles are formed 
in the usual manner (figs. 74, 75). One to 
three of the five stamens are larger, but 
all are fertile (fig. 78). The last two sta- 
men bundles to be diverged are opposite 
the two abaxial bundles. The remaining 
vascular tissue consists of two segments 
on opposite radii from the abaxial bun- 
dles. From these are diverged the two 
large adaxial bundles and part of the 
bundles of the carpellary walls (figs. 76, 
77). The remaining bundles of the car- 
pellary walls are lateral divergences from 
the abaxial bundles. Toward the distal 
end of the ovary the two adaxial bundles 
form one bundle, which is then divided 
into many small ones extending to the 
base of the style. 

Salpiglossis sinuata shows a marked 
tendency toward zygomorphy and reduc- 
tion in the number of fertile stamens. 
There are ten divergences to form five 
median and five lateral sepal bundles, as 
in Nierembergia (fig. 80). Only three of 
the ten bundles are accompanied by gaps. 
One of these is the sepal bundle in the 
lower lip opposite the staminodium. The 
other two such bundles are in the upper 
lip opposite the two large fertile stamens. 
After the sepal divergences the vascular 
tissue is usually continuous, although 
this state is difficult to observe because 
the lower lip of the flower differentiates 
at a more proximal level than the upper 








part (fig. 81). The petal divergences are 
not accompanied by gaps. At the level 
at which the calyx is just diverged from 
the receptacle, the following bundles can 
be distinguished in the lower lip: three 
stamen, two petal, and an abaxial. At the 
same level the upper lip of the flower 
consists of one large petal bundle in the 
uppermost part and a semicircle of vas- 
cular tissue toward the center (fig. 81). 
When the bundles in the lower lip be- 
come differentiated, the remaining petal 
and stamen bundles diverge from the 
semicircle of vascular tissue in the upper 
part. There are two large fertile stamens, 
two small fertile ones, and a staminodium 
(fig. 84). Two strands of vascular tissue 
opposite each other remain between the 
lower and the upper parts of the flower 
(fig. 82). These diverge to the center and 
are the two adaxial bundles. At more 
proximal levels the adaxial bundles ap- 
pear to be double, but at distal levels and 
in mature flowers the adaxial bundles are 
single and amphicribral, with only a 
slight tendency for the xylem to be sepa- 
rated into two groups by parenchyma- 
tous rays. At some levels the two adaxial 
bundles form an almost complete ring of 
vascular tissue (fig. 83). 

Of all the plants studied, Schizanthus 
pinnatus is the most advanced. It is ob- 
viously zygomorphic, and the fertile sta- 
mens are reduced to two. In its floral 
anatomy, however, it still follows the 
same basic plan of all Solanaceae. The 
first divergence, the sepal bundle in the 
lower lip, is not accompanied by a gap. 
Slightly distal to this first sepal diver- 
gence and on either side of it are two 
petal divergences not accompanied by 
gaps (fig. 86). These petal divergences 
trifurcate; the two outer bundles are the 
lateral ones of the sepals, while the mid- 
dle one is the petal bundle. Opposite the 
first sepal bundle there is a divergence to 
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the most rudimentary of the staminodig, 
Only the filament of this stamen js 
formed, and there is rarely any indica- 
tion of an anther (fig. 88). The diver- 
gences to the upper part of the flower are 
formed in the same manner but depart 
at more distal levels (fig. 87). The two 
stamens on either side of the vestigial one 
are fertile, and their anthers are very 
large in proportion to the other floral 
parts (fig. go). The two uppermost stami- 
nodia develop small sterile anthers. After 
the stamen divergences, the vascular cyl- 
inder becomes solid. One to several cells 
in the center do not stain so dark as the 
surrounding meristematic vascular tis- 
sue. The outer part of this solid vascular 
cylinder is broken into a circle of small 
bundles which diverge outward and be- 
come the two abaxial bundles and the 
bundles of the carpellary walls. One 
abaxial bundle is directly opposite the 
most rudimentary stamen, while the 
other is between the two sterile stamens 
(fig. 88). The inner portion of the vascu- 
lar cylinder does not change position but 
becomes the one adaxial bundle common 
to the two carpels (figs. 88, 89). At the 
level at which the ovules and placentae 
appear, one to several vessels become dif- 
ferentiated in the middle of the adaxial 
bundle. These vessels are the same in 
number as the large parenchymatous 
cells in the solid cylinder when it is first 
formed. The adaxial bundle is single, 
with no evidence of doubling, but at the 
top of the ovary this bundle may be di- 
vided. 

The genera of Solanaceae can be sepa- 
rated into two groups according to the 
types of fruits produced. Nicandra, Lyci- 
um, Alropa, Physalis, Capsicum, Sola- 
num, and Lycopersicon form berries, 
while Hyoscyamus, Datura, Nicotiana, 
Nierembergia, Petunia, Salpiglossis, and 
Schizanthus produce capsules. It is inter- 
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sting to note that, with the exception 
ff Hyoscyamus, the more simple flowers 
levelop into berries, while the more com- 
plex ones form capsules. Only in the first 
sroup is there much anatomical change 
from ovary to fruit. 

In the fruit of Capsicum frutescens var. 
srossum the placentae are very much en- 
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proliferates and almost incloses each 
seed, but the tissues never actually fuse. 
The fruit of S. melongena var. esculentum 
is produced by enormous growth of the 
parenchyma of the placentae. The pla- 
cental tissue of Lycopersicon pimpinelli- 
folium proliferates greatly and almost en- 
tirely incloses each of the seeds. 





FIGS. 91 Q4. 
2, Physalis alkekengi. (se, sepal; sep, septum; sty, style; pet, petal.) 


larged, but this increase in size does not 
keep pace with the upward and outward 
growth of the pericarp and the septa. 
The placental tissue occupies a relatively 
small part of the loculi in the lower half 
of the fruit and is no longer fused with 
the lower portion of the style. The stylar 
end of the fruit is unilocular, since the 
septa are attached only to the pericarp. 
In Solanum nigrum var. guineense and in 
S. pseudocapsicum the parenchyma of 
both the pericarp and the placentae 


Successive stages in floral development. Figs. 91, 93, 94, Nierembergia hippomanica. Fig. 


In floral development the Solanaceous 
flowers included in this paper follow 
closely the descriptions of COOPER (4) 
and WARNER (21) for Lycopersicon, 
URQUHART (17) for Lyctum, COCHRAN (3) 
and AucusTIN (2) for Capsicum, and 
YOUNG (25) for Solanum tuberosum. The 
sepals, petals, stamens, and carpels are 
formed in acropetal succession (fig. 91). 
While in longitudinal section the ovule- 
bearing tissue of the gynecium appears to 
be a prolongation of the axis, actually it 








is axis plus carpellary tissue. The outer 
portions of the two carpels arch over the 
central axile prolongation and _ finally 
fuse (fig. 92). Continued elongation of 
the outer portions of the two carpels 
forms the style (fig. 93). At the apex of 
the central prolongation there is a de- 
pression, on either side of which the tis- 
sue grows upward and fuses with the 
basal part of the style (figs. 92-94). 
SATINA and BLAKESLEE (14) describe 
this occurrence in Datura. In the descrip- 
tion of Physalis alkekengi, at the top of 
the ovary only the septal tissue remains. 
Finally the two septa are separated. The 
tissue which grows upward to fuse with 
the style is then the tissue of the two 
septa. The fusion of the septal tissue 
with the style differs somewhat in the 
various species studied. In Hyoscyamus, 
Physalis, Capsicum, Nierembergia, Sal- 
piglossis, and Schizanthus ovules are 
formed before this fusion takes place, 
while in Datura, Nicotiana, and Petunia 
this fusion precedes the development of 
ovules. 
Discussion 

The syncarpous ovary, according to 
the Candollean theory, results from the 
fusion of carpellary leaves. The ovules 
are borne on the undiverged margins of 
these leaves, and the axis, if present, 
serves only as a support for these struc- 
tures. There are many arguments for and 
against this theory. Before discussing 
them, it might be well to define the ter- 
minology used in carpel morphology. 

The two principal types of placenta- 
tion are axile and parietal. These terms 
generally apply only to position and have 
no morphological significance. Parietal 
placentation results when the ovules are 
borne on projections from the carpel wall. 
When the carpels fuse in the center of the 
ovary and divide it‘into as many loculi 
as there are carpels, the placentae are 
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axile. PAYER (12), STRASBURGER (16), 
and Gray (7) are among those who state 
that with few exceptions all syncarpous, 
plurilocular ovaries have axile placenta- 
tion. ‘Axial’ and “‘cauline”’ refer to 
structures which are morphologically 
stem, while “foliar”? applies to leaflike 
parts. The confusion in the literature 
arises from the use of positional terms in 
a morphological sense. 

Among those who disagree with br 
CANDOLLE and adhere to the axial the- 
ory are PAYER (12), SCHLEIDEN (15), and 
St. HILAIRE (WORSDELL, 24). PAyeEr 
states that the ‘‘axile part of a syncar- 
pous ovary constitutes the placentae and 
bears the ovules, while the carpellary 
leaves constitute the walls of the ovary.” 
SCHLEIDEN states: ‘‘In all families with 
plurilocular ovaries one can easily follow 
the origin of the placentae which come 
from the axis.”’ St. HILarreE also thinks 
that ‘‘the placenta is a continuation of 
and represents the axis.”” Between the 
axial and the appendicular theories is 
HAYWARD (9), who explains: ‘“‘In the 
axile type of placentation, the placental 
tissue lies at the center of the ovary and 
may be foliar, or in part foliar and in part 
cauline.”’ 

Outstanding followers of the Candol- 
lean theory are VAN TIEGHEM (18, 19), 
HENSLOW (10, 11), EAMEs (5), and AR 
BER (1). VAN TIEGHEM and HENSLOW 
are particularly helpful because they give 
definite criteria for interpreting the na- 
ture of the placentae. The following quo- 
tations are taken from Henstow. The 
first one (10) explains the views of VAN 
TIEGHEM, while the second one (11) 
gives the ideas of HENsSLow on the sub- 
ject. 

Van Tieghem in his investigations upon the 
anatomy of the pistil regarded the circle of 


vascular cords which have their trachae on the 
inner side, i.e. facing the medulla, and the 
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jhloem on the outside of it, i.e. facing the cor- 
ex, as indicating the axis; but when the circle 
; broken up and these two elements of the 
ords are altered or reversed in position as they 
ften are in the placentas of a carpel, he pro- 
ounced them to be “‘foliar.”’ 


The point, then, at which carpellary cords 
ranch off from the common stem in the first 
ase may be regarded as marking the termi- 
mation of their axial character; and in the 
atter case, at the separation of the parts of 
the “horse-shoes” to form groups of threes. 
With regard to those cords which become 
marginal and placentary, it is important to 
jotice the position of their spiral vessels. If 
they are situated on the side of the cord near- 
st the medulla, the cord may generally be re- 
sarded as axial; if they are on the other side, 
e. nearest the ovary-cell, and if in transverse 
ections they exhibit intermediate positions, 
n which they are central or scattered irregu- 
arly within the phloem, they are then margi- 
nal and placentary. 


When floral parts are undiverged, the 
vascular anatomy seems to be the most 
valuable criteria for determining the 
ign of the parts involved. In this 
aper, therefore, the interpretation of 
VAN TIEGHEM and HENSLOw is used. If 
the adaxial bundles retain their stem- 
ike character, with the xylem facing the 
enter of the flower, the structures will 
be considered as cauline; if the xylem is 
lacing the loculus, or if the bundles are 
amphicribral, the structures will be con- 
sidered as foliar. 

As for the literature on the Solanaceae, 
PAYER (12), VIDAL (20), and RENDLE 
13) describe the placentae as axile. In 
Lycopersicon esculentum var. cerasiforme, 
WARNER (21) explains the placentae as 
iollows: “‘ Apparently it is from the cen- 
tral more or less columnar axis that 
ovules arise. Thus they may be thought 
of as cauline in origin, or perhaps, the 
surface of this axis may be regarded as an 
undiverged portion of the sporophyll, in 
which case the ovules would be regarded 


as foliar.” URQUHART (17), working with 
Lycium halimifolium, states: ‘‘ Although 
the placental structure is at this stage 
continuous with the carpellary tissue, it 
is largely cauline in origin. The ovules 
may be regarded as arising from cauline, 
axile placentae rather than foliar ones.” 

VIDAL (20) studied several species of 
the Solanaceae and concluded that in all 
of them the axis forms a thick septum 
raised to the summit of the ovary. In 
summarizing his work, VIDAL states: 


‘The Solanaceae are characterized by a 


very well developed, parenchymatous 
axis raised to the summit of the ovary.” 

The most comprehensive paper on 
floral anatomy in the Solanaceae is by 
GrELotT (8). His emphasis is somewhat 
different from the present work, but on 
the whole the results agree. Concerning 
the adaxial bundles, he says: “If a cer- 
tain number of bundles converge toward 
the center of the placentae and unite 
side by side to form a cylinder, the latter 
delimits a true pith whose role is differ- 
ent from that of the exterior parenchy- 
ma of the cylinder. One perceives then 
that the bundles take the same orienta- 
tion as that in the stem.” SATINA and 
BLAKESLEE (14), who worked with peri- 
clinal chimeras obtained in Datura, 
state: “The initiation and development 
of the carpel wall, septa, and placentae 
suggest that they are axial and not 
foliar in origin.”’ 

Of a rather different opinion is GOE- 
BEL (6). He describes the develop ment of 
the carpels as follows: 

The process is exactly the same where we 
have in each loculus a many-ovuled placenta 
developed as in Solanaceae and Scrophulari- 
aceae. The ovary in its upper part is unilocular 
with two parietal placentas. .... The carpels 
use up entirely the torus, and form to a certain 
extent a double sole, the septal wall. The 
margin of the cup of the ovary shows an in- 
creased growth at the points corresponding to 
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the apices of the carpels and the lateral parts 
raise themselves somewhat at the position of 
concrescence and there form the parietal part 
of the placenta. Beyond this the question of 
how far the flower-axis is drawn into the forma- 
tion of the ovary is of quite subordinate im- 
portance. 


The floral anatomy of the Solanaceae 
demonstrates that the placentae are 





Species Type of flower 
Nicandra physalodes | 
Atropa belladonna } 
Lycium halimifolium) 
Hyoscyamus niger...... 
Capsicum frutescens 
Solanum nigrum | 

S. melongena 

S. dulcamara 

S. pseudocapsicum 

S. tuberosum ) 


Actinomorphic 


| . . 
Actinomorphic 


Solanum rostratum. . . Zygomorphic 
Lycopersicon pimpinellifolium 
Datura stramonium\ 
D. meteloides J 
Nicotiana sanderae. . 
N. glauca 


Actinomorphic 


Actinomorphic 


Petunia hybrida. . 
Nierembergia hippomanica 


Salpiglossis sinuata Zygomorphic 


Schizanthus pinnatus Zygomorphic 


foliar in origin. In all the species studied 
the adaxial bundles in the older flowers 
and fruits are amphicribral and ac- 
companied by gaps in the vascular cyl- 
inder. This applies even to Schizanthus 
pinnatus and Solanum rostratum, which 
have only one adaxial bundle. The oc- 
currence of the adaxial bundles as a 
cylinder in the center of the ovary was 
noted in Solanum nigrum, Lycopersicon 
pimpinellifolium, and Salpiglossis sinu- 
ata, but the vascular tissue does not re- 
semble an amphiphloic siphonostele and 
the individual amphicribral bundles can 


Slightly zygomorphic 


Slightly zygomorphic 
Slightly zygomorphic 


Slightly zygomorphic 
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usually be distinguished. GRELOT’s con- 
tention that such a cylinder is proof of 
the cauline nature of the placental bun- 
dles seems unfounded. The carpellary 
walls, the septa, and the ovule-bearing 
portions of the placentae are foliar in 
origin. The central fleshy part of the 
ovary is parenchymatous stelar tissue, 


TABLE 1 


Stamens 


All fertile 


| All fertile 


| All fertile 


t large \ fertile 
4 small 


| All fertile 


Slightly zygomorphic 


| 4-2 small 
| 2 large 


All fertile 


All fertile 
All fertile 
4 large 
I small 
1-3 large 


fertile 
fertile 
pipers fertile 

1 sterile 
2 large fertile 
2 small sterile 
I vestigial 





Adaxial bundles 


Two per carpel 


Two per carpel 


Two per carpel 


Two per carpel 
Two per carpel 


Two per carpel 
Two for 2 carpe!s 


| One for 2 carpels | 


} 
| 
| 
| 
| 


—_____. 


Fruit 


Berry 


Capsule 


Berry 


Berry 
Berry 
Capsule 


Capsule 
Capsule 


Two double bun- | Capsule 
dles for 2 carpels} 


| 
Two for 2 carpels | Capsule 
| 


| 
Two for 2 carpels | Capsule 


One for 2 carpels 


Capsule 





In the Solanaceous flower the margins 
of the carpels are undiverged from the 
stem. At first there is conjoint growth of 
stem and carpels, but in the more mature 
flower the apical region of the stem ceases 
its meristematic activity. The exception 
is found in such plants as tomato, egg- 
plant, and pepper, where growth con- 
tinues to form a second fruit. Just how 
much of the ovule-bearing prolongation 
of the ovary is cauline and how much 
foliar would be difficult to prove. The 
adaxial bundles are foliar, and in longi- 
tudinal section they probably limit the 
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a mer bounds of the carpels. The placen- number of adaxial bundles from two per 
> ©On- Fe are axile in position and foliar in carpel to one for two carpels. Despite 
oe rigin. The Solanaceous flowers de- these variations, the floral anatomy fol- 
| bun- gribed in this paper can best be inter- lows the same basic plan in all the spe- 
ellary reted by the appendicular theory of cies studied. The siphonostele generally 
aring fe CANDOLLE. becomes continuous after the diver- 
‘ar in | In general, the floral anatomy fur- gences to each of the first three floral 
Mt the J shes additional evidence of the validity sets, and the carpellary bundles are 
Assue, Jf WETTSTEIN’s arrangement of the formed from the remaining vascular 

enera. It would seem better to place the tissue. Because the adaxial bundles are 
——= [ilyoscyaminae at the end of the Sola- amphicribral and accompanied by gaps 
Fruit aceae because the flowers of Hyoscya- in the vascular cylinder, they are foliar 
— [nus are slightly irregular and the fruit is rather than cauline. The placentae are 
-rry 1 capsule. Among the Cestreae-Nico- axile in position, while the carpel walls, 
ipsule J !ne and the Salpiglossideae there is a the septa, and the ovule-bearing portions 
radual reduction in the number of of the placentae are foliar in origin. The 
adaxial bundles per carpel. The phylo- central parenchymatous part of the ovary 
"a netic tendencies of the Solanaceae is stelar, and the carpels are undiverged 
lescribed in this paper are summarized _ leaves. 
al a table 1. 

i Summary The writer is indebted to ANNA PEb- 
' The floral anatomy of fourteen genera ERSEN KUMMER of Chicago for the seeds 
- ind twenty-one species of the Solana- of Datura siramonium and Solanum 
eae was examined. The arrangement of 70sératum, to GERTRUDE HOFFERT ol 
psule ff the genera is according to WETTSTEIN Hayden, Arizona, for the seeds of Nico- 

n ENGLER and PRANTL’s Die Natiir- liana glauca, and to Dr. D. M. Crooks of 
pstle | lichen Pflanzenfamilien. In the order of the Bureau of Plant Industry for the 
psule ff their complexity, these genera include seeds of Hyoscyamus niger and preserved 

Vicandra, Lycium, Atropa, Hvyoscyamus, material of A tropa belladonna. Gratitude 

Physalis, Capsicum, Solanum, Lycoper- is also due Dr. J. M. Beat and other 
psule icon, Datura, Nicotiana, Petunia, Nier- members of the Department of Botany 
—— | embergia, Salpiglossis, and Schizanthus. at the University of Chicago for the 
rgins The following evolutionary tendencies many helpful suggestions and advice. 
1 the | Were noted: actinomorphy ath. are ee 
thof | Morphy; reduction of fertile stamens Yxjvyersity or CHICAGO 
ature J 'tom five to two; and reduction in the Cuicaco, ILLINors 
eases 
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INVESTIGATIONS ON RUBBER-BEARING PLANTS: I. PROP- uU 
AGATION OF TARAXACUM KOK-SAGHYZ a 

BY MEANS OF LEAF CUTTINGS! g 

C 

PAUL R. GORHAM AND MARGARET L. LANDES? S 

Introduction to warrant further consideration. How-}] e 

Interest in obtaining polyploid deriva- ever, BOWDEN (1) succeeded in obtaining | | 

tives from diploid clones of Taraxacum a few plants from leaf cuttings of the] 
kok-saghyz Rod. prompted an experiment Russian dandelion. NAVASHIN and Ger | t 
to propagate leaves from colchicine- ASSIMOVA (5) reported that diploid and ( 
treated root cuttings which gave indica- tetraploid leaves from this plant can be i 
tions of possessing an increased number propagated, but in the absence of sub- | 
of chromosomes. Since material from this stantiating data it was not apparent | 
source was limited, it was decided to what degree of success might be ex- 
carry out a series of preliminary experi- pected. 
ments using diploid leaves. In a compari- HAGEMANN (2) has reviewed, up to 

son of propagation by means of root, 1932, most of the extensive literature on | 

crown, and leaf cuttings, MYNBAYEV (3) propagation by means of leaf cuttings, | | 

found the last method too unsatisfactory | while SwINGLE (7) has summarized pub- | 
‘ * . .e | 
‘ Contribution no. 826, Botany and Plant Pa- lications up to 1940. Many of the Sie 
thology, Science Service, Ottawa, Canada. papers report results that are frequently 
2 Agricultural Assistants. inconclusive because of the small num- 
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bers of leaves used. As HAGEMANN em- 
phasizes, negative results do not neces- 
sarily mean that propagation by this 
method is impossible. A few of these pa- 
pers contain references to other Taraxa- 
cum species. HAGEMANN planted eighteen 
leaves of T. officinale, all of which died 
within 27 days without regenerating 
roots or shoots. STINGL (6) used forty 
leaves of T. officinale Weber, but these 
died within 3 days. NAYLOR (4) reported 
negative results with TJ. Jlaevigatwm 
(Willd.) DC. 


Material and methods 


For the experiments relating to the 
temperature of the cutting-frame and 
treatment with KNO,, leaves were taken 
in January from clones of vigorously 
growing young root cuttings started in 
flats 2 months before. The material used 
in the comparison of regeneration of 
leaves from young and mature plants is 
described with the experiment. Plants 
used in the tests with indole-3-butyric 
acid, naphthaleneacetic acid, asparagine, 
glycine, p-aminobenzoic acid, and glu- 
cose were chosen early in March from 
several clones which had been propagat- 
ed by means of root cuttings 6-8 months 
before. These plants had reached 5-inch 
pot size and had one or two rosettes with 
twenty to thirty leaves each. The leaves 
of Taraxacum latilobum DC. were taken 
in April from a plant brought into the 
greenhouse 8 months before from the col- 
lection of Arctic dandelions at the Do- 
minion Arboretum and Botanic Garden, 
Ottawa. 

Young tender leaves in the center of 
the crown and old yellowed leaves at the 
periphery were found to root with diffi- 
culty and therefore were not tested. With 
the exception of the treatments employ- 
ing talc dust, leaves were removed from 
the parent plant by pulling them away 
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from the crown under water. After rub- 
bing the base between the fingers to re- 
move, as far as possible, any adhering 
crown tissue, the leaves were stood in the 
aqueous test solutions. After a stated 
period they were set in sand in a green- 
house cutting-frame and clipped to a 
height of 3 inches, in order to reduce 
transpiration. The temperature of the 
cutting-frame was maintained at approx- 
imately 68°F. The glass top of the frame 
was covered with paper to screen out di- 
rect sunlight. Relative humidity was 
maintained at a moderate level by fre- 
quent watering. The top was slightly 
raised at night, fully raised during the 
day. Survival after 10 days was noted 
and dead leaves were discarded. After 
20 days, and again after 30 days, rooted 
leaves were potted in equal parts sand 
and manurial compost in 23-inch pots 
and placed on a bench in the same house. 
All unrooted leaves were then discarded. 
The base of the rooted leaf was planted 
5 inch or less in depth, since it was found 
that shoots form readily only when the 
leaf bases are just below the soil line. 
This confirms a similar observation made 
by NAVASHIN and GERASSIMOVA (5). 


Experimentation 

The advantages of removal of leaves 
under water over removal in air is dem- 
onstrated by table 1. Excesskye wilting 
is obviated, and improved survival dur- 
ing the first 10 days as well as improved 
rooting and regeneration result. 

Four hundred and fifty leaves from 
ten clones were divided equally among 
the shaded cutting-frame at 68°F. as de- 
scribed and two electrically heated 
frames regulated at 72° + 2°F., one cov- 
ered and the other uncovered. At the 
higher temperature all the leaves died in 
the covered frame within 1o days and in 
the uncovered frame within 15 days. At 
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the lower temperature fifteen leaves in 
two clones rooted. 

Roots of two clones grown in the field 
for one season from root cuttings were 
potted in manurial compost December 1. 
Simultaneously, root cuttings from the 
same material were started in flats in 
equal parts of sand, compost, and peat. 


TABLE 1 


EFFECT OF REMOVAL OF LEAVES IN AIR COM- 
PARED WITH REMOVAL UNDER WATER. TO- 
TALS ARE FROM CONTROL LEAVES OF TWO 


CLONES COMMON TO 
PERIMENTS 


TWO DIFFERENT EX- 


PERCENTAGE 


TREATMI No: S Wisse 
[ NT ur- , 
LEAVES ‘val Rooted) Rooted! gener- 
viva | 
20 «(| 30 ated 
Io | 
days days | 90 
days | 
days 
Air 32 53 9 13 ° 
Water 64 67 25 38 13 


After 53 days the potted plants had 
abundant leaves and were in full bloom, 
without fruit. The root cuttings had nu- 
merous smaller leaves, with flower buds 
appearing. The regenerative capacities of 
leaves from young and from mature 
plants of these two clones were com- 
pared. Root cuttings of clone 93.21 had a 
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root cuttings of clone 93.38, but this dif- 
ference was not evident in the regenera- 
tion of the leaf cuttings (table 2). Initial 
survival of leaves from young plants is 
somewhat better than that of leaves from 
mature plants, but the production of 
roots and shoots does not differ appreci- 
ably. 

Sixty leaves from three clones had 
s inch removed from the base by cutting 
under water with a razor. These basally 
clipped leaves regenerated to the same 
extent as the controls. The leaf tips of 170 
leaves from three clones were tested also, 
The initial survival of these tips was low 
and all were dead within 20 days. 

THIMANN and PoutassE (8) found 
that treatment with KNO, improved 
rooting of Phaseolus leaves by supplying 
nutrient to the severed blade. Leaves of 
T. kok-saghyz from eight clones, treated 
with KNO, at a concentration of 500 
mg. per liter, had a slightly lower per- 
centage regeneration after 70 days than 
had the controls (table 3). Roots pro- 
duced by the treated leaves were only 
two-thirds as long as those produced by 
the untreated leaves. 

Indole-3-butyric acid in talc, at 
concentrations of 1000, 2000, and 5000 
p-p-m., was tested for its effects on re- 
generation by dipping the bases of the 


higher percentage regeneration than leaves from each of five clones in the 
TABLE 2 
COMPARATIVE REGENERATIVE ABILITY OF LEAVES FROM ACTIVELY 
GROWING YOUNG AND MATURE PLANTS 
| ose sts PERCENTAGE 
| 1 OF | No ——_—— 
CLONE sng ol Type | om 
pea 2 : ; | ewes Survival | Rooted | Rooted Regenerat- 
| oe ae | todays | 20 days 30 days | ed go days 
———— _— on - on | = = la SS Sa SS 
Wiican Mature | 258 | 83 19 | 9 | 5 
Young | 206 | 88 19 23 «C&é| I 
93) 38% | «35 | Mature | 82. | 50 Il i. 4 4 
71 21 21 4 
| 
a 


| Young | 48 
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dusts just prior to planting. There were 
slight indications of toxicity at 5000 
p.p.m. and of improved regeneration at 
1000 and 2000 p.p.m. (table 4). 
Naphthaleneacetic acid at a concentra- 
tion of 50 mg./1]., andasolution contain- 
ing 250, 3, and 1 mg./l. of asparagine, 
glycine, and p-aminobenzoic acid, respec- 
tively, were both tested by standing 
leaves from each of four clones in the so- 
lutions for 3 hours prior to planting. Al- 
though there was lowered regeneration 
following the first treatment and im- 
proved initial survival and rooting fol- 
lowing the second (table 5), natural vari- 
ability might well account for differences 
of this magnitude. 
Approximately 
leaves 


numbers of 
clones were 
treated 3 hours in seven test solutions. 
These solutions comprised various con- 
centrations and combinations of p-ami- 
nobenzoic acid, indole-3-butyric acid, as- 
paragine, and glucose (table 6). Initial 
survival was surprisingly uniform for all 
treatments. Neither rooting nor regener- 
ation was improved by treatment with 
indole-3-butyric acid, asparagine, or glu- 
cose. Response to p-aminobenzoic acid 
concentrations was inconsistent, but in 
general it did not seem to improve re- 
generation. 

Complete records were kept of the re- 


equal 


from each of five 
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sponses of leaves according to their clo- 
nal origin, since root cuttings from differ- 
ent clones have different regenerative 
capacities (unpublished data, and table 
2). That such is the case for leaves is ap- 
parent from table 7, where the regenera- 
tive ability of leaves from six different 
clones is compared when untreated and 


TABLE 3 


EFFECT OF TREATING LEAVES FOR 20 HOURS IN 
500 MG./L. KNQO;. TOTALS ARE 
FROM EIGHT CLONES 


PERCENTAGE 


| 
| 


No. 
TREATMENT | 
LEAVES |, , | Regener- 
| | Survival] Rooted | 
| ated 
| 10 days | 20 days 
| | 70° days 
KNO, 166 | 51 24 6 
Water (control) 176 64 17 8 


when all treatments are combined. These 
data serve to illustrate the numbers of 
leaves needed in order to establish with 
reasonable accuracy the regenerative 
ability of particular clones. Within clone 
93.27, regeneration from actively grow- 
ing parent plants was particularly note- 
worthy but was lower when leaves were 
subsequently tested from inactively 
growing plants. However, differences in 
environment between tests may partially 
account for the observed decrease. 


TABLE 4 
EFFECT OF DIPPING LEAF BASES IN INDOLE-3-BUTYRIC ACID-TALC MIXTURES. 
APPROXIMATELY EQUAL NUMBERS OF LEAVES FROM EACH OF FIVE CLONES 


CONCEN- 


WERE TREATED AND RESULTS TOTALED 


PERCENTAGE 


. No. 
TREATMENT TRATION 
LEAVES ae 
(P.P.M.) Survival Rooted Rooted Regenerat- 
todays | 20 days 30 days ed go days 
Indole-3-butyric 5000 134 37 4 15 2 
Indole-3-butyric | 2000 | 2 47 14 | 17 3 
Indole 3-butyric ; | 1000 113 45 12 16 4 
Talc (control). . sak | ee 21 | 55 | 7 | 12 I 


| 
| 
| 
| 
| 
| 
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Forty leaves of T. latilobum were test- ting, one of the rooted leaves produced a 
ed in the same manner as those of 7. shoot which later developed into a vigor- 
kok-saghyz. At the end of 10 days, twen- ous plant. 
ty-two leaves survived. Within 30 days, : P 
one leaf had a shoot but no roots. Within Discussion 
60 days, two of the leaves had short In isolated leaves of Taraxacum kok- 
roots and were potted in manurial com- _ saghyz, shoots arise from leaf-borne roots 
post. Each of the six unrooted leaves (type III, HAGEMANN’s classification), 
which still survived had several calluses, The base of the leaf cutting first forms an 
some as large as peas. A week after pot- inconspicuous callus which proceeds to 


TABLE 5 


EFFECT OF 3-HOUR TREATMENT WITH NAPHTHALENEACETIC ACID, AND WITH A 
COMBINATION OF ASPARAGINE, GLYCINE, AND p-AMINOBENZOIC 
ACID. TOTALS ARE FROM FOUR CLONES 


PERCENTAGE 
CONCEN- | 











- No. j 
TREATMENT TRATION | | 
| LEAVES se | | 
(mG./L.) Survival Rooted Rooted Regenerat- 
10 days | 20 days 30 days | ed go days 
Na Aaabeace tic 50 116 | so Ce 27 
! : | 59 7 | 33 3 
Asparagine. . 250 ‘ 
Glycine. <2 03 , 3} 128 | / an | 33 | 39 7 
p-Aminobenzoic. ....... rz 
Water (control) ; ge 121 62 | a2 «(| 30 8 


TABLE 6 
EFFECT OF TREATING APPROXIMATELY EQUAL NUMBERS OF LEAVES FROM EACH OF FIVE 
CLONES FOR 3 HOURS IN SOLUTIONS OF ~-AMINOBENZOIC ACID, INDOLE-3-BUTYRIC 
ACID, AND COMBINATIONS OF THESE WITH ASPARAGINE AND GLUCOSE 


PERCENTAGE 





CONCEN- . = = 
an No. Set i ae Bt ' oe ee 
TREATMENT TRATION LEAVES | | 
(MG./L.) si | Surviv al | Rooted | Rooted Regenerat- 
10 days | 20 —_ | 30 days ed go days 
pee = pees ee : ae RAD: Sipe OS 
. i 
p-Aminobenzoic. . 0.1 87 55 | 15 EY 15 4 
p-Aminobenzoic. I 86 7 14 14 I 
p-Aminobenzoic 10 86 4 24 24 II 
Indole-3-butyric 50 85 60 =| 18 21 8 
p-Aminobenzoic. I 
Asparagine... . 75} 87 62 | a | 23.—O«| 4 
Indole-3-butyric 50 
p-Aminobenzoic I | | 
Asparagine. ... 75 85 57 26 | 34 8 
Indole-3-butyric 50| 
Glucose et 25,000 
p- Rienlvaasnie : 0.1} 
Asparagine. . . : r 75} 87 67} 29 23.—=i«dYS 5 
Indole-3-butyric 50 | 


Water (control). re 85 58 28 29} 6 








MBER TABLE 7 
COMPARISON OF REGENERATIVE ABILITY OF LEAVES FROM SIX CLONES 
WHEN UNTREATED AND WHEN ALL TREATMENTS ARE COMBINED 


ceda 
ate2 a 
igor PERCENTAGE 
Ctont Rests 
Survival Rooted Rooted Regenerat- 
10 days 20 days 30 days ed go days 
ok- 93. 27* (Un.)T 44 61 32 34 27 
roots (All) , 322 63 26 30 21 
1on). 93.42 (Un.) 21 57 33 32 ° 
ns an (All) ; 334 52 II 18 2 
Is to 93.24 (Un.) 63 65 19 32 2 
(All) , 535 61 23 29 2 
93.31 (Un.) 43 58 23 26 7 
(All) ; 178 66 30 40 7 
253-3 (Un.) 9 67 II 11 
(All) 120 40 3 4 C 
93.22 (Un.) 44 48 27 27 s¥ 
(All) 226 54 25 25 I 
93. 27} 70 41 7 II 6 


* Leaves from actively growing plants 
t Un., untreated; All, all treatments combined 
{ Leaves from plants in inactive state of growth. 
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Fics. 1-4.—Fig. 1, leaf cutting showing calluses at ends of vascular strands. Figs. 2, 3, roots arising from 
calluses. Fig. 4, developing shoot (parent leaf thickened). Magnification of fig. 1 twice that of figs. 2 4. 
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develop most noticeably about the sev- 
ered ends of the vascular strands (fig. 1). 
From these callus swellings one to sev- 
eral roots arise (fig. 2) which elongate 
(fig. 3) and frequently become much- 
branched. Shoots arise from the callus 
swellings at the apex of the root (fig. 4); 
exceptionally shoots arise on the root be- 
low this point. 

Those leaves which survive the first 
10 days have callused successfully. With 
favorable environmental conditions, 
mortality during the next 1o days is low. 
During this time the greater part of the 
root initiation occurs. Thereafter, the 
amount of root initiation taking place is 
so limited (table 7) as to make it imprac- 
tical to retain callused, unrooted leaves 
any longer. Bits of crown tissue which 
may remain attached to the leaf base are 
not essential for regeneration, since 
leaves with the basal portion removed 
also regenerate. This ability evidently de- 
creases toward the leaf tip, since the dis- 
tal portions of leaves were incapable of 
regeneration. 

In a very few instances shoots may 
arise from unrooted callus swellings, but 
these have low viability. Concurrent de- 
velopment of root and shoot may take 
place before the leaves are potted on the 
twentieth day, but most shoots appear 
later. Parent leaves which persist be- 
come thickened and curled and can still 
be distinguished when the rosette of the 
new plant has attained considerable size. 
Death of the parent leaf is not prejudi- 
cial to shoot production if the root sys- 
tem remaining is well established. In 
fact, the upper portion of the roots may 
become considerably thickened before 
shoots appear. 

More than one shoot may arise from a 
rooted leaf cuttings This becomes most 
evident upon death of a parent leaf, when 
the separated callus swellings continue to 
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regenerate independently. As many as 
four regenerated plants have been ob- 
served to originate from a single leaf 
cutting. 

Leaves from actively growing plants 
vary in their capacity to regenerate, de- 
pending on their clonal origin. Within a 
particular clone the state of maturity of 
the parent plant has little effect on the 
regenerative capacity of the leaves, pro- 
vided it is in an active state of growth, 
Leaves from mature plants of the same 
clone have a higher or lower regenerative 
capacity, depending on whether the 
plants are growing vigorously or not. 
Moreover, the outer senescent and inner 
juvenile leaves of a whorl do not regener- 
ate so well as do those in between. Ac- 
tively growing, physiologically mature 
leaves seemingly possess factors facilitat- 
ing regeneration to a greater degree than 
do leaves which are inactively growing, 
juvenile, or senescent; and clones there- 
fore differ from one another in the 
amounts of such factors each is potential- 
ly able to produce. None of the sub- 
stances tested stimulated regeneration or 
helped to correct deficiencies of these 
factors. 

The foregoing experiments demon- 
strate the rather limited success to be ex- 
pected in the propagation of T. kok- 
saghyz by means of leaf cuttings. Such 
practice is warranted only under special 
circumstances, such as the establishment 
of polyploid clones that might be com- 
pared with the diploid clones from which 
they were derived. This would avoid the 
difficulties inherent in diploid-polyploid 
comparisons between heterogeneous 
seedling populations. Two tetraploid 
plants have been obtained by the suc- 
cessful regeneration of leaves from colchi- 
cine-treated root cuttings of one clone, 
providing evidence that such leaves are 
capable of being propagated. 
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Summary 

1. Factors considered essential in the 
propagation of leaves of Taraxacum kok- 
saghyz Rod. are: (a) removal under water, 
(b) moderate humidity and a tempera- 
ture of approximately 68°F. in the cut- 
ting-frame, and (c) potting with the 
rooted leaf base just below the soil line. 

2. Under the conditions of the experi- 
ments, treatments with indole-3-butyric 
acid, naphthaleneacetic acid, glucose, as- 
paragine, glycine, p-aminobenzoic acid, 
and potassium nitrate, in various concen- 
trations and combinations, failed to im- 
prove regeneration. 

3. Leaf regeneration of 7. kok-saghyz 
was by means of shoots arising from leaf- 
borne roots. 


GORHAM & LANDES 


TARAXACUM 207 


4. Clones differed in their ability to re- 
generate. The observed variation ranged 
from 0% to 27%. The condition of 
growth at the time of testing, rather than 
the age of the parent plant, seemed to 
determine variation within a clone. 

5. One out of forty leaves of T. latilo- 
bum DC. regenerated. 


Acknowledgment is made of photo- 
graphs by Dr. MILDRED K. NoBLEs of 
material from Dr. Wray M. BowDEN. 
The assistance of Miss May E. LIvinc- 
STONE is greatly appreciated. 
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EFFECTS OF SOAKING WITH INDOLEBUTYRIC ACID ON ROOT 
DEVELOPMENT AND SURVIVAL OF TREE SEEDLINGS 


T. E. MAKI AND HUBERT MARSHALL’ 


Introduction 

The last decade has witnessed a phe- 
nomenal increase in our knowledge of 
growth-regulating substances and in our 
ability to use them to regulate plant 
behavior. These substances are used to- 
day for several commercial purposes, in- 
cluding the rooting of cuttings of woody 
species heretofore difficult or impossible 
to root by conventional methods. The 
widespread use of growth regulators on 
cuttings naturally has awakened interest 
in stimulating the production of new 
roots on transplant stock. Such a need is 
felt acutely in forest planting, since the 
nature of the undertaking makes it un- 
economical to transplant seedlings to the 
field with balled and relatively intact 
root systems. In handling bare-rooted 
stock, a large portion of the root system 
is lost in lifting from the nursery bed, or 
is pruned off to facilitate rapid planting 
in the field; in consequence, death of 
seedlings may result from critically re- 
duced water absorption. If growth- 
regulator treatments could be perfected 
which would stimulate rapid production 
of new roots immediately after planting, 
considerable loss in forest plantations 
might be avoided. 

Studies of root formation on cuttings 
have shown that growth regulators stim- 
ulate the initiation of root primordia, 
which subsequently elongate under the 
influence of other factors. Other studies 
have shown that growth regulators, in 
concentrations which initiate root pri- 

* Senior Forester and Research Assistant, respec- 
tively, Northeastern Fdtest Experiment Station, 
Philadelphia, Pa., in co-operation with the Univer- 
sity of Pennsylvania. 


mordia, are likely to inhibit the growth 
of both shoots and roots. The problem, 
then, becomes one of devising a schedule 
of treatments which will bring about the 
initiation of primordia on the old roots 
but which will not inhibit their subse- 
quent elongation. Several investigators 
have reported stimulated root develop- 
ment on transplants, but, for the most 
part, they have given few or no data on 
subsequent survival. The study here re. 
ported was designed to clarify conflicting 
reports in the literature and to determine 
whether the root stimulation frequently 
reported actually can be translated into 
increased survival. 


Review of literature 


Several investigators have studied 
the effects of vitamins on woody plants. 
BENSEND (2) grew jack-pine seedlings in 
sand irrigated with a balanced nutrient 
solution to which thiamin or niacin was 
added at periodic intervals. After 80 days 
no differences in size or weight were 
found, and analysis of the tissue showed 
that controls contained as much thiamin 
as treated seedlings. Similarly, PARKER 
et al. (7) found that young Valencia- 
orange trees planted in soil with bare or 
balled roots and with adequate water and 
mineral elements failed to respond to 
either thiamin or niacin added to the ir 
rigation water. 

On the other hand, SwaRTLEy and 
CHADWICK (12) dusted groups of ten 
rooted cuttings of Lonicera fragraniissi- 
ma with Transplantone no. 1 (a com- 
mercial talc preparation of growth regu- 
lators and vitamins in undisclosed pro- 
portions), and with talc dusts of nico- 
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tinic acid 1-1000 and thiourea 1—20,000, 
before planting in beds in a slat-house or 
in pots in a coldframe. Two months later 
all treatments (especially nicotinic acid) 
in the slat-house had improved top 
growth, but no response was noted in the 
coldframe. In a second experiment, lots of 
ten seedlings of Malus sieboldi arborescens 
were root-dusted with talc mixtures of 
nicotinic acid 1~500 and 1~—1000, indole- 
butyric acid 1-5000, and Transplantone 
no. 1. Indolebutyric acid and Trans- 
plantone produced clusters of new roots 
but nicotinic acid was ineffective. Lastly, 
lots of twenty-five to seventy-five seed- 
lings of Juniperus virginiana and Picea 
glauca were watered with Transplan- 
tone, either once or three times, the latter 
treatment being superior. On Juniperus, 
both number of new roots and survival 
were increased, but Picea failed to re- 
spond. 

Several reports have appeared on the 
use of growth regulators on coniferous 
stock. PLANK (8) soaked groups of ten 
slash-pine seedlings for 24 hours in 
aqueous solutions of indolebutyric acid 
ranging between 10 and 80 mg. per liter. 
One year after planting, root develop- 
ment showed stimulation from the lower 
concentrations. In a more elaborate ex- 
periment, FowELLS (4) grew groups of 
twenty ponderosa-pine seedlings in nu- 
trient tanks or pots of soil after soaking 
the roots for 24 hours in 5, 25, or 50 mg. 
of indoleacetic acid or thiamin per liter 
of water. After 3 months in the tanks, 
seedlings soaked in 5 mg./1. indoleacetic 
acid produced significantly longer roots 
than did controls. Seedlings planted in 
soil and treated with 50 mg./I. indole- 
acetic acid produced significantly more 
secondary roots than did seedlings treat- 
ed in any other manner. No other differ- 
ences were found, and FOWELLS con- 
cludes that the results were not encour- 


aging. A similar conclusion was reached 
by ZACH et al. (14) after treating a num- 
ber of coniferous species with indole- 
butyric acid and planting them in a 
nursery and on an adverse site in the 
field. 

Somewhat more work has been re- 
ported on hardwoods. LEFEVRE (6) ap- 
plied talc dusts of indolebutyric and in- 
doleacetic acids in concentrations of 
I-10,000 and 1-100,000 to the roots and 
grafts of grapevines, with subsequent 
improvements in root development and 
quality of callus. CHADWICK (3) soaked 
the roots of 3-year-old plants of Vibur- 
num dilatatum and Cotoneaster divaricata 
for 18 hours in aqueous solutions contain- 
ing 20, 50, and 100 mg./1. of indoleacetic, 
indolebutyric, or phenylacetic acid. After 
69 days, Viburnum treated with 20 mg. 
of indolebutyric acid had developed 
seven times more new roots than con- 
trols. Cotoneaster, after the same length 
of time, had responded most favorably 
to the same substance at 50 mg./l. A 
similar response was obtained by adding 
10 or 20 mg. of the acids to the soil in 
53-inch pots. Applying the growth regu- 
lators by dipping the roots into emulsi- 
fied paraffin containing the acids was not 
successful. 

TILForD (13) lifted seedlings of Ameri- 
can elm, hard maple, black oak, pin oak, 
black walnut, white Norway 
spruce, and American arborvitae in 
January and soaked the roots for 48 
hours in growth regulators at 25 mg./1. 
The seedlings were potted and remained 
in the greenhouse until April, when all 
except white pine and Norway spruce 
showed definite root stimulation. Indole- 
butyric acid produced the greatest re- 
sponse. In a second experiment, Ameri- 
can-elm and red-oak saplings were root- 
pruned, treated, and planted in the field. 
Dipping in, or watering with, growth 


pine, 
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regulators, or smearing the cut ends of 
the roots with lanolin mixtures, failed to 
induce response; but soaking the roots 
for 48 hours in 40 mg./I. indolebutyric 
acid (the better substance) or indoleace- 
tic acid more than doubled the number 
of new roots by the end of the first grow- 
ing season. 

At the Rubber Research Institute of 
Malaya (1), budded stumps of rubber 
trees were lifted from the nursery, root- 
pruned about 18 inches below the collar, 
and soaked for 16 or 24 hours in a dilute 
solution of a commercial growth regula- 
tor covering only the lower 14 inches of 
the taproot. Substantial increases were 
obtained in the number of stumps taking 
root and in the total root production. 

SmitH and ROMBERG (10) devised a 
method of treating pecan transplants 
with growth regulators which they re- 
gard as superior to either soaking or lo- 
calized lanolin treatment. The method 
consists of soaking toothpicks in 95% 
alcohol in which indolebutyric acid has 
been dissolved in such concentration as 
to allow the picks to absorb 4 mg. of the 
acid. From one to several picks are then 
inserted into holes bored transversely 
through the larger roots. The acid dif- 
fuses into the surrounding tissues, where 
it locally stimulates root formation. Us- 
ing this method, treated 5- and 7-year- 
old pecan trees developed, by the end of 
the first growing season, about three 
times as many new roots and four times 
as much new root length as untreated 
controls (g). In later experiments (11), 
the dry weight of new root growth on 
5-year-old pecan trees was increased in 
one test from 8.2 gm. on controls to 
15.6 gm. on treated plants, and in an- 
other test from 4.8gm. to 10.0gm. 
Equally striking results were obtained 
with large trees having trunk circum- 
ferences of approximately 14 inches. Al- 
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though none of the tests was carried out 
with the primary object of obtaining 
survival data, wherever mortality oc- 
curred controls suffered more than treat- 
ed trees. GOSSARD (5) made an additional 
test of the technique of Sm1TH and Rom- 
BERG. He found that treated pecan trees 
produced significantly more root growth 
than controls but significant differences 
in survival and shoot growth were not 
obtained. 


Investigation 


PRELIMINARY EXPERIMENTS, 1942 


Although the toothpick technique of 
SMITH and ROMBERG may be of value in 
treating orchard or horticultural stock, 
it obviously would be impracticable with 
the small-sized trees commonly used in 
forest planting. Of the other treatments, 
dusting and soaking the roots seemed to 
offer promise, particularly in view of 
TiLForpD’s work (13). Accordingly, an 
exploratory study? was carried out in 
1942 to test the effects of growth regula- 
tors on a wide variety of plant materials. 
During late spring and early summer, 
seedlings or small plants of twenty-six 
species of evergreen and deciduous trees 
and shrubs were treated by soaking the 
roots for 24 hours in aqueous solutions of 
indolebutyric acid in concentrations 
ranging from o to 1000 mg./l. Twenty 
plants per treatment were used. Im- 
mediately after treatment, the stock was 
planted in a plowed field according toa 
statistically acceptable design. At the 
end of the summer the plants were dug 
and determinations made of _ total 
weights, root quality and volume, and 
amount of new top growth. In general, 


2 This study was conducted in co-operation with 
the Hormone Project of the Plant Industry Station at 
the Beltsville Research Center. Assistance of Drs. 
Ws. S. Stewart and Joun W. MITcHELt in plan- 
ning the tests is gratefully acknowledged. 
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concentrations of 250 mg./]. and higher 
resulted in poorer root and shoot growth 
and considerable increase in mortality. 
Concentrations below 250 mg./]. pro- 
duced variable results. With nursery- 
grown stock with adequate survival, for 
example, significant increases in root 
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inhibited shoot growth in proportion to 
concentration, and the higher levels 
unquestionably were harmful, in some 
instances causing leaves to fall pre- 
maturely, even though stem and roots 
remained alive (fig. 1). Among species 
suffering heavy mortality in the con- 
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Fig. 1, white-ash seedlings, 1 year old when treated, showing effect of indolebutyric acid 


gradient on shoot and root development 2 months after treatment. Soaking roots in the acid caused inhibi- 
a ~ t 
tion of shoots, even in lower concentrations. On an absolute basis, treated seedlings had smaller root vol- 


umes; on a basis relative to shoot growth, the reverse was frequently true. 


Fig. 2, jack-pine seedling on 


right treated by soaking roots for 24 hours in indolebutyric acid at 50 mg./]. This treatment was generally not 
beneficial, but occasional seedlings responded with greatly stimulated root development. 


volumes were found on loblolly (Pinus 
taeda L.) and shortleaf (Pinus echinata 
Mill.) pines, but no beneficial responses 
occurred with red (Pinus resinosa Ait.), 
white (Pinus strobus L.), and pitch 
(Pinus rigida Mill.) pines, nor with 
white ash (Fraxinus americana L.), 
tuliptree (Liriodendron tulipifera L.), 
and paper birch (Betula papyrifera 
Marsh.). In many species, root soaking 


trols, only a few treatments brought 
about increases in survival. Altogether, 
these results were not particularly en- 
couraging. However, many examples 
of root stimulation on individual seed- 
lings were observed (fig. 2). While the 
marked responses of these seedlings were 
not great enough or frequent enough to 
result in significant increases for their 
treatment groups as a whole, they did 
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provide hope that root growth (and 
probably survival) could be increased if 
the factors causing the individual re- 
sponses could be determined. 


PRELIMINARY EXPERIMENTS, 1943 


The following spring an effort was 
made to determine with greater precision 
the effects of growth regulators on tulip- 
tree and loblolly pine. It was felt that if 
definite prescriptions could be worked 
out for a few species, the knowledge 
gained would greatly facilitate adapta- 
tion of such treatments to other species. 
Accordingly, groups of sixty loblolly 
pine and tuliptree seedlings were root- 
soaked for either 4 or 22 hours in aqueous 
solutions of naphthaleneacetic acid, 
naphthalene acetamide, indolebutyric 
acid, or all four combinations of these 
three substances at 30, 90, or 270 mg./I. 
This design departed from the earlier 
study primarily in the reduced number 
of species, the lower concentrations, the 
addition of a short soaking period, and 
the comparison of both single growth 
regulators and mixtures in factorial 
combinations. Detailed studies of root 
development were not made, but sur- 
vival tallies showed consistent increases 
in mortality resulting from almost all 
treatments. Indolebutyric acid was less 
toxic than the other substances and at 
the lowest concentration was not harm- 
ful. 

Tuliptree was used both years and 
failed to benefit in either root growth or 
survival. Loblolly pine responded in 
1942 with stimulated root development 
but showed no benefits in 1943. These 
tests gave little promise that soaking the 
roots in solutions of the compounds 
would substantially reduce mortality of 
forest planting stock. However, other 
tests in 1943 with growth regulators ap- 
plied to hardwood stock in common 
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storage showed again that under the 
proper circumstances root growth can 
be greatly stimulated. Accordingly, a 
small experiment was begun in May, 
1944, to study in greater detail the effects 
of indolebutyric acid on the root develop- 
ment of one pine and one hardwood 
species. 


MAIN EXPERIMENTS, 1944 


MATERIAL AND METHODS.—One-year- 
old loblolly pine was selected as a test 
species because it had been used in both 
preliminary studies and had shown 
favorable root response in 1942. One- 
year-old eastern red oak (Quercus borealis 
maxima) was chosen as the other species 
because closely related species of the 
black-oak group had responded well in 
the 1942 study and in TILForD’s (13) 
earlier experiments. 

The stock was carefully graded to a 
uniform size, root-pruned, and tied into 
groups of ten seedlings for determination 
of root volumes by water displacement 
in a graduated cylinder. This procedure 
was adopted so that the volumes could 
be determined again at the conclusion 
of the experiment and the increase in 
volume used as a measure of treatment 
differences. 

In general, the method of treatment 
was the same as that employed in the 
earlier work. In addition to untreated 
controls, the treatments consisted of 
soaking the roots for 24 hours in soluv- 
tions containing o (tap water only), 2.5, 
5, 10, 20, 40, 80, or 160 mg. of indole- 
butyric acid per liter of water. A surplus 
lot of loblolly pine was utilized by soak- 
ing the roots of similar groups for 6 hours 
in all concentrations except 5, 20, and 
80 mg./I. 

The planting was done May 5, 1944; 
in four well-drained beds (6 X 6 feet) 
of a 50-50 mixture of sand and partly 
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rotted sawdust. Each species was plant- 
ed in two blocks, the treatments being 
randomly arranged in rows of twenty 
seedlings each. Thus, each row consisted 
of two groups of ten seedlings on which 
root volumes had been determined. 
Spacing within the row was 33 inches 
and spacing between rows was 4 inches 
for loblolly and 53 inches for oak. A 
complete nutrient solution at the rate of 
} oz. of salts per square foot was applied 
several times during the summer. 

In October, 1944, the seedlings were 
removed from the beds by washing the 
sand and sawdust from the roots with a 
garden hose. The surviving seedlings of 
the original groups of ten were tied to- 
gether and the root volumes again de- 
termined by water displacement. 

Resu.ts.—-The data on survival and 
root growth for red oak are presented in 
table 1. A moderate trend is shown to- 
ward increased survival through the 
lower concentrations and up to 20 mg./L., 
with a decided drop in survival above 
that concentration. The only seedlings 
surviving significantly better than con- 
trols were those soaked in 5 mg./I. In 
contrast, survival of seedlings treated 
with the highest two concentrations 
was significantly poorer than controls. 

Root growth was stimulated by even 
the lowest concentration of acid, and a 
marked increase in volume was produced 
by all concentrations over 20 mg./I. The 
uniformly greater root volume resulting 
from all treatments between 2.5 and 20 
mg./l. was not statistically significant, 
although from the uniformity of the data 
in this concentration range it appears 
that the differences are real. The in- 
crease in volume from treatments above 
20 mg./l. is highly significant. 

If there had been only a slight in- 
crease in root growth with increasing 
concentration of indolebutyric acid, the 


NO 
~~ 
we 


reliability of the data representing mean 
growth might be questioned, inasmuch 
as the figures given are differences be- 
tween mean root volumes of all seedlings 
as planted and mean root volumes of 
surviving seedlings at the’ end of the 
growing season. If only small trees had 
died among treated groups, these groups 


would, without benefit of treatment 
effects, tend to show greater mean 
TABLE 1 


SURVIVAL AND ROOT GROWTH OF GROUPS OF 
FORTY EASTERN RED-OAK SEEDLINGS ROOT- 
SOAKED 24 HOURS IN AQUEOUS SOLUTIONS OF 
INDOLEBUTYRIC ACID. TREATED MAY 4, 
1944; RECORD OBTAINED OCTOBER, 1944 


Concentra- Original Final 
: ‘ Mean 
tion of No. mean mean 

P P ‘ root 

indolebutyric surviv- root root 

: 7 growth 
acid ing volume volume ml.)t 
il.) 
(mg./1.) (ml.) (ml.) 

Untreated. . 33 7.50 8.48 | 0.098 
0.90 35 6. 88 7.43 0.55 
2.5 33 7.12 9.54 | 2.42 
5.0 40 7.38 10.12 2.74 
10.0.. 37 7.12 9. 46 2.34 

20.0.. 36 7.62 10. 00 2.38 

40.0.. 30 7.62 12.17 4.55 

80.0.. 29 7.50 15.25 7-75 

160.0.. 9 7.45 13.33 6. 21 
* Least significant difference at 5% level, 6.9; at 1% lev 

el, 9.4. 

t Least significant difference at 5% level, 2.50; at 1% lev- 

el, 3.37. 


growth than controls. However, the 
stimulation of root growth was readily 
apparent (fig. 3) and the range of original 
seedling sizes was not sufficient, under 
any condition of differential mortality, 
to cause such large treatment differences. 
And, finally, if differential death of small 
seedlings in treated groups had caused 
the increased mean root volume, one 
would expect the treatment at 5 mg./1., 
with no mortality, to have a smaller 
mean growth than the treatments at 
2.5, 10, or 20 mg. Such was not the case, 
and therefore the conclusion seems fully 
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warranted that the treatment differences 
are real. 

The results with loblolly pine are 
presented in table The trends ob- 
served in the data for oak are not ap- 
parent in thé results for pine. Mortality 
increased with higher concentrations of 
indolebutyric acid but the effect was not 
regular. Root growth was stimulated by 
most concentrations, but again there was 
no consistent correlation with treatment. 


EASTERN RED OAK 


UNTREATED 
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Fig. 3.—Root stimulation on 1-year-old eastern 
red-oak root soaked 24 hours in 160 mg. indole- 
butyric acid per liter of water. Survival of seedlings 
at this concentration greatly reduced. Photo- 


graphed 5 months after planting in sand-sawdust 
bed. 


The increase in mortality with the 
stronger treatments, however, indicates 
that for this species the series of con- 
centrations used extended well into the 
toxic range. 

Discussion 


Soaking the roots of red oak in solu- 
tions of indolebutyric acid stimulated 
root growth over the entire range in 
concentration. This agrees with the re- 
sults of others who have worked with 
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hardwoods, as well as with some of the 
results obtained with hardwoods in pre- 
liminary studies at this station. The 
failure of tuliptree to respond with in- 
creased root growth in the preliminary 
studies is perhaps an exception among 
hardwoods. 


TABLE 2 
SURVIVAL AND ROOT GROWTH OF GROUPS OF 
FORTY LOBLOLLY-PINE SEEDLINGS ROOT. 


SOAKED 6 OR 24 HOURS IN AQUEOUS SOLUTIONS 
OF INDOLEBUTYRIC ACID. TREATED MAY 4, 
1944; RECORD OBTAINED OCTOBER, 1944 


| ah, 
Original Final 


coxa | | 
Concentration | No. mean | mean | Mean 
of indolebutyric | surviv- | root | root — 
; ‘ growth 
acid ) ing volume volume (ml.) 
(mg./1.) = (ml.) | (ml.) ; 
ee 7 en — 
24 hours: | 
Untreated. . 17 | 0.91 | 3.50 2.59 
0.0 26 O.g1 | 3.54 2. 63 
aoe I 0.85 3.32 2.47 
S505. 25 0.85 3.90 3.05 
50:6. . 20 0. 85 4.10 3-25 
90:0); I 0. 85 5-95 5.10 
40.0.. 15 0.84 | 3.93 3-09 
80.0.. 14 0.88 | 3.87 2.99 
160.0.. 7 0. 86 4. 21 3.35 
6 hours: 
Untreated. . 30 0. 85 3.15 2. 30 
Osa. 24 °. 8s 5.04 4. 19 
a ae 19 0. 86 3. 68 2.82 
IO AK 28 °.go 4.14 3. 24 
40:.0.6.05; 21 0.90 5. 32 4. 22 
160.0 10 0. 88 4.40 3-58 


The survival results obtained with 
red oak are of importance because as yet 
there have been no wholly satisfactory 
reports on survival of forest seedlings 
after treatment with growth regulators. 
Most studies have not considered this 
factor; some have been too small to be of 
much value. ROMBERG and SMITH (9, 11) 
found that survival was higher in treat- 
ed groups, but they did not use the soak- 
ing technique. GOssARD (5), however, 
was unable to find significant differences 
while using the same technique and 
species. The 1943 preliminary study at 


aks 





oo ® eS rt 


SER 


ng 


OF 
)OT- 
ONS 
Y 4, 


. 63 


99 


_ ye Vee eS 


w > Ww we wv 
ne 
> 





1945] MAKI & MARSHALL 
this station showed definite increases 
in mortality of tuliptree following treat- 
ment with growth regulators. This effect 
has now been duplicated on red oak for 
all concentrations above 20 mg./1l. Below 
20mg. there appears to be some hope 
of increasing survival. Soaking treat- 
ments with indolebutyric acid apparent- 
ly stimulate root development of some 
hardwoods to a limited extent without 
increasing mortality, but substantial in- 
creases in development are obtained only 
at the expense of reduced survival. 

The root response of loblolly pine was 
likewise in tenor with most published 
results. Of those working with Pinus or 
Picea, only PLANK (8) reported truly 
positive results. His work was not ex- 
tensive, however, and has not been fol- 
lowed with confirming reports. FOWELLS 
(4) reported several isolated examples 
of stimulation but felt his results were 
not encouraging. In the 1942 preliminary 
tests, loblolly and shortleaf pine respond- 
ed with increased root growth, but in 
later trials with loblolly these results 
could not be duplicated. Different lots 
of the same species evidently exhibit a 
wide range in response to growth-regulat- 
ing chemicals. On the whole, it seems 
likely that under certain conditions 
soaking with growth regulators will 
stimulate root development on conifers, 
but those conditions have not yet been 
defined. 

The mortality response of loblolly 
pine confirmed both previous studies at 
this station, as well as the work of ZACH 
et al. (14). No other work on the mor- 
tality of pines has appeared. On the basis 
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of present evidence, however, it seems 
improbable that survival of pines can be 
increased by soaking the roots with 
growth regulators. 


Summary 


1. Seedlings of eastern red oak and 
loblolly pine were treated immediately 
before planting by soaking the roots for 
24 hours (in addition to a 6-hour series 
for loblolly pine) in aqueous solutions of 
indolebutyric acid ranging in concentra- 
tion from 2.5 to 160 mg. per liter. Root 
volumes were measured before planting 
and again when the seedlings were lifted 
at the end of the first growing season. 

2. Consistent increases in root volume 
of red oak followed soaking in all con- 
centrations of indolebutyric acid, and 
statistically significant increases oc- 
curred with concentrations of 40 mg./1. 
or more. 

3. A barely significant increase in sur- 
vival followed treatment of red oak with 
5 mg./l. On the other hand, a marked 
and highly significant increase in mor- 
tality followed treatment with 80 mg./1. 
or more. The largest increases in root 
volume of red oak were associated with 
the largest increases in mortality. 

4. Treatments generally increased the 
root volume of loblolly pine, although 
there was no consistent relationship be- 
tween root volume and concentration. 

5. A- marked increase in mortality of 
loblolly pine followed treatment with 
concentrations above 20 mg./I. 
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EFFECTS OF 2,4-DICHLOROPHENOXYACETIC ACID ON 
THE GROWTH OF GRASS PLANTS 


JOHN W. MITCHELL’ AND PAUL C. MARTH’ 


Introduction 


The use of 2,4-dichlorophenoxyacetic 
acid as a selective herbicide for eradicat- 
ing such turf weeds as dandelion and 
plantain has recently been suggested 
(4, 5). Most of the experimental results 
on this method of control indicate that 
application of the acid or salts (sodium or 
ammonium) of the acid, at the rate of 
about 13 pounds per acre, does not no- 
ticeably affect the appearance of well- 
established bluegrass or some other 
varieties of grass commonly used in 
lawns. Attention for the most part has 
been directed toward a study of the weed- 
killing properties of 2,4-dichlorophenoxy- 
acetic acid, rather than toward its effects 
on the germination and growth of young 


' Physiologist, 7Physiolggist; Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, Agri- 
cultural Research Administration, U.S. Department 
of Agriculture, Beltsville, Maryland. 


grass seedlings or older grass plants 
(2, 2, 3). 

The present experiments, in which the 
treatments were applied to the soil im- 
mediately following planting, were un- 
dertaken for the purpose of determining 
the effect of the acid on (a) the emergence 
of grass seedlings of different species, (0) 
the subsequent growth of the various 
grasses, and (c) grass plants well estab- 
lished when sprayed. 


Experimental data 


SEEDLING EMERGENCE 


MetHops.—Weighed amounts of 
seeds of redtop (Agrostis alba), creeping 
red fescue (Festuca rubra), and Kentucky 
bluegrass (Poa pratensis) were planted in 
composted soil contained in clay pots 12 
inches in diameter and 6 inches deep, 
with bottom drainage. On Qctober 20, 
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1944, forty pots were sown with each 
species of grass seed at the rate of 0.5 
gm. per pot, a total of 120 pots being 
used. 

After the seeds had been covered 
lightly with soil, the surface was sprayed 
evenly with a measured amount of an 
aqueous mixture of the acid, applied with 
a hand sprayer of one-pint capacity oper- 
ating at a pressure of 80 pounds. The 
aqueous mixture contained 0.1% of the 
acid and 0.5% Carbowax 1500 applied at 


TABLE 1 

AVERAGE PERCENTAGE EMERGENCE OF GRASS 

SEEDLINGS 1 WEEK AFTER SPRAYING SOIL SUR- 

FACE WITH AQUEOUS MIXTURE CONTAINING 
2,4-DICHLOROPHENOXYACETIC ACID 
AND 0.5% CARBOWAX 1500; SPRAY APPLIED 
IMMEDIATELY AFTER SEEDS WERE PLANTED. 
AVERAGE NUMBER OF SEEDLINGS 
EMERGED IN UNSPRAYED PLOTS DESIGNATED 
AS 100% 


0.1% 


Rate of treatment 


equivalent lb Redtop Fescue Bluegrass 
per acre 

° 100 100 100 

r 72 110 114 

14 17 102 80 

1 - Fe 

23 17 go 71 
3 5 83 68 


rates equivalent to 2, 4, 6, and 8 gallons 
per thousand square feet—or {, 13, 24, 
and 3 pounds of the acid per acre. Similar 
pots of soil were planted but left un- 
sprayed as controls. The treatments were 
then arranged in randomized blocks on a 
greenhouse bench so that two pots of the 
same variety and treatment constituted 
a plot. There were four replications of 
each plot. Temperature was maintained 
at 65°-75° F. throughout the experi- 
ment. 

The number of grass seedlings that 
appeared above the surface of the soil 
7 days after planting was recorded and 
designated as emergence. Although some 
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seedlings may have emerged after this 
time, no subsequent counts were made 
owing to the difficulty involved in obtain- 
ing an accurate estimation of their num- 
ber. 

RESULTS.—Spray mixture at a rate 
equivalent to 2} and 3 pounds of acid per 
acre reduced the emergence of all three 
varieties of grass seedlings as compared 
with the number that appeared above 
the surface of the unsprayed soil (ta- 
ble 1). The emergence of plants of red- 
top was much more drastically affected 
by the chemical than was that of either 
fescue or bluegrass. In the case of fescue, 
a greater percentage of seedlings ap- 
peared above the surface of soil sprayed 
with small amounts of the acid (3 and 13 
pounds per acre) than emerged from the 
unsprayed plots. A greater number of 
bluegrass seedlings also appeared above 
the surface of soil sprayed with the mix- 
ture at a rate equivalent to { pounds per 
acre than emerged from unsprayed soil. 
This experiment was continued so as to 
determine subsequent effects of treat- 
ment on seedling growth. 

SEEDLING GROWTH 

MetHops.—After the emergence 
counts had been taken and the leaves of 
grass had attained a length of approxi- 
mately 3 inches, they were cut back uni- 
formly to a height of 2 inches, and this 
height was maintained by clipping at 
weekly or bi-weekly intervals. The fresh 
weights of the clippings were recorded. 

At the end of 5 weeks after treatment, 
all plants in one of the pots in each repli- 
cate of each treatment were pulled up, 
and each of these pots was then reseeded 
with o.5 gm. of seed of the respective 
varieties. The weights of weekly clip- 
pings from plants that developed in these 
reseeded plots were recorded and are 
summarized separately. 
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ReESULTS.—The _ seedlings that top growing in soil sprayed at the rate of 
emerged in the treated soil did not out- 13 pounds per acre were not appreciably 
wardly appear to differ from those in the less than those of the unsprayed plots. 
untreated soil. The weights of clippings The production of clippings by redtop in 
from all treated plots of the original seed- plots sprayed at the rates of 2} and 3 
ing of redtop were significantly less than pounds per acre was appreciably less 


TABLE 2 
AVERAGE FRESH WEIGHT IN GRAMS OF GRASS CLIPPINGS COLLECTED AT WEEKLY INTER- 
VALS AFTER PLANTS HAD GERMINATED IN SOIL SPRAYED WITH AQUEOUS MIXTURE CON- 
TAINING 0.1% 2,4-DICHLOROPHENOXYACETIC ACID AND 0.5% CARBOWAX 1500 


, | 
WEEKS AFTER TREATMENT | 


RATE OF TREATMENT 
EQUIVALENT LB ; Toral 
PER ACRE) 
3 | 6 9 8 9 10 II I 13 14 
Redtop 
° oF WGK NGL hao G-! Sia logos: 16201 SB aun: 1 ara) Sea ge 59.0 
: 22015 F Os 2 hs 2 Or | $6) S20 PO TI | ee eT oe 56.6 
13 O.n [Ors [aS asl aoe] soe hae.) eae aye | aS foes} a6 30.8 
2} G0) [Os £1670 F'O.G: (OD | 12 |) Gr) ae ae eS oe ae 16.6 
3 0.0 | 0.0 1:0. 2 10; 2 [orm | Or6-] O.F7 10.3 Pore | Esa | '£:0 |. 4.2 10. 2 
Fescue 
° 3-0 | 2.3 | 3-4 | 2.4 | 3.0 | 3-1 | 4.1 | 3.4 | 2.4] 2.5 | 2.6] 5.1 37-3 
3 ee | ro } 2.2 er 4 Lok 7} 20) 25 2.6 ey 4 2.2 2.0 | 4.4 26. 2 
15. 0.60) Or. nO | OB tes | 207 | BO | RG long) 2.8. | TO) ae 18. 2 
a}. OPA Olek | 26 16.0 }. 200.8. 2 Pee Se Pe Be ee 15.1 
=o O25 | O24 1059 PO. 7 1 ek | ES) Be ela) Bee fb Sg) eee ak peo 
Bluegrass 
° £565) ae 1 BO 1 a2 198 B98) |} Bed) Se8 | OS 1 SS Pee) es 43.6 
rt oO. 1 oF F- | gx2 ee ae $8 1 370 2.0 2.6 254 1 ube 30.7 
13 050 10:3 1.9.2°1 1.61: 2.60 | 2.9" 1- 276 | a0: | YG.) 356 | eer ae 24.2 
ai. 0.0 | 0.2 1.9 2°) 2.2 2.5 2.5 ‘7 1.4 1.9 ee 3.8 20. 5 
ai OO 7 OFE 1 Bk OO TTS ip ae8) 4] 2.7 | BS Boe ea) Bet ee 16.1 


those from the unsprayed ones fora peri- than that of the unsprayed plots during 
od of 1 month (table 2). During this the entire period of 14 weeks, at which 
period, however, grass growing in soil time the experiment was discontinued. 
sprayed at a rate equivalent to ? pound Fescue growing in soil sprayed at the 
of the acid per acre multiplied, apparent- rate of $ pound of the acid per acre be- 
ly by means of stolons or rhizomes, and came increasingly productive, and after 
during the last 10 weeks of the experi- _ the fifth week the weights of clippings ob- 
ment it was as productive as was that tained were not appreciably less than 
growing in untreated soil. At the end of _ those from the unsprayed plots. Plots of 


9 weeks, the weights of clippings of red- fescue sprayed at rates of 13 pounds or 
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more per acre failed to equal the un- 
sprayed plots in productivity. 

The productivity of bluegrass plots 
was significantly reduced on the basis of 
the clippings obtained, but within 7 
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failed to recover during the 14-week 
period. 

Five weeks after application of the 
spray treatments there were no apparent 


or measurable effects, either on the 


TABLE 3 


AVERAGE FRESH WEIGHT IN GRAMS OF CLIPPINGS FROM GREENHOUSE GRASS PLOTS RE- 
SEEDED 5 WEEKS AFTER SOIL SURFACE WAS SPRAYED WITH AQUEOUS MIXTURE CON- 
TAINING 0.1% 2,4-DICHLOROPHENOXYACETIC ACID AND 0.5% CARBOWAX. PLANTS 
OF FIRST SEEDING REMOVED BEFORE RESEEDING 


RATE OF 

TREATMENT 

(EQUIVALENT 

LB. PER ACRE) 3 { 5 6 
° 1.0 4.3 2.3 2. 
i. 7 4.8 2,2 2. 
I}. 2.4 5-5 3.8 3 
2}. 2.0 io 3.6 3 
3- 2.0 4.6 aa 2. 
0: . 1.4 1.0 0.5 ° 
z 1.7 I. 1 0.6 ) 
13 2.2 1.0 °.9 ° 
23. 2.1 1.2 0.8 fe) 
3 2.4 1.4 °.9 ° 
fe) 0.4 Kia 1.0 I 
: 0.3 I. 1 3 I. 
14. 0.3 1.4 a I. 
2}. 0.5 rs 1.4 I 
* 0.4 tg &: 5 :. 


weeks after seeding plants growing in 
soil sprayed at the rate of ¢ pound of acid 
per acre attained a production of clip- 
pings not significantly less than that of 
the unsprayed plots. Eleven weeks were 
required, however, before plots treated 
at the rates of 13 and 2} pounds per acre 
were as productive as were the un- 
sprayed ones. Bluegrass growing in soil 
sprayed at the rate of 3 pounds per acre 
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WEEKS AFTER SEEDING 


Tora. 
ri re] 9 II 
Redtop 
3.0 a2 9.7 3.3 36.0 
3.0 3:4 8.0 | II.5 37: 
2.2 2.9 9.7 16.1 46.9 
3.0 a5 6.7 10.7 30.6 
2.4 2.9 9.8 15.3 a 
Fescue 
3.8 °.8 2 10. 5 18.4 
0.8 0.9 x 9.1 18.1 
°.9 0.7 2.6 2.\% 16.4 
0.7 1.0 4.7 | 9.0 20. 3 
°.9 ¥.3 4.1 9.6 S37 
Bluegrass 
1.6 2.0 3.7 6.6 17.6 
4:0 2.5 5.0 7.0 20. 5 
2.2 2.4 4.7 8.1 22.4 
1.6 1.9 | 6. 2 8.7 23.3 
1.8 2.3 4.8 7.6 21.6 


weet 


emergence of seedlings in reseeded plots 
or on the subsequent growth of the grass, 
indicating that the acid had been either 
inactivated or leached from the soil dur- 
ing this time (table 3). 


GROWTH OF BENTGRASS 


METHODS.—On October 23, 1944, nine 
clumps of stolons of the Washington 
strain of creeping bentgrass (Agrostis 
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palustris), each consisting of six stolons, 
selected for size and uniformity, were 
planted 1~2 inches apart in each of forty 
clay pots containing composted soil. The 
pots were similar to those already de- 
scribed. On November 11, after the grass 
had become well established, the pots 
were separated into five groups of eight 
pots each. The grass in each of four 
groups was then sprayed with an aqueous 
mixture containing 0.1% of the acid and 
0.5% Carbowax 1500 at a rate equiva- 
TABLE 4 
AVERAGE FRESH WEIGHT IN GRAMS OF BENT- 
GRASS CLIPPINGS PRODUCED PER POT IN 
GREENHOUSE, COLLECTED AT MONTHLY IN- 
TERVALS, AFTER SPRAYING WITH AQUEOUS 
MIXTURE CONTAINING 0.1% 2,4- DICHLORO- 
PHENOXYACETIC ACID AND 0.5% CARBOWAX 


1500 
| 
RATE OF MONTHS AFTER TREATMENT 
TREATMENT li 
= ToTaL 
(EQUIVALENT | 
LB. PER ACRE) I 2 3 4 
° 18.4 | 16.2 | 14.1 | 32.7 | 81.4 
1 tA. 4.) 53:2 } 9020) 6259) 97-1 
13 9.1 So] sn. 31 2e.5 fo. 5 
ot... ae A iy (A et <M Pe 
ee 6.5 5-9 7.3 | 26.4] 46.1 


lent to {, 13, 24, or 3 pounds per acre, re- 
spectively. The eight remaining pots 
were left untreated. After treatment, the 
pots were arranged in randomized blocks 
on a greenhouse bench with four replica- 
tions of each treatment. Throughout the 
experiment the grass was clipped back 
to a height of 2 inches at approximately 
weekly intervals and the fresh weights 
of the clippings recorded. 
RESULTS.—The total weight of clip- 
pings produced by bentgrass was reduced 
significantly below that of the unsprayed 
plants as the result of treatment at all 
rates of the spray mixture used (table 4). 
Within 1 month following treatment the 
sprayed plants developed enlarged re- 


BOTANICAL GAZETTE 





[DECEMBER 


gions at the nodes of the rhizomes, and 
the leaf blades were a less intense green 
and somewhat narrower than were those 
on the unsprayed plants. The sprayed 
plants gradually improved in appearance, 
however, and at the end of the experi- 
ment there were no apparent differences 
between them and the controls. 

The growth of bentgrass was not sig- 
nificantly affected by the spray mixture 
during the first week following treat- 
ment. All treatments depressed growth 
during the second, third, and fourth 
weeks, so that the total weight of clip- 
pings during the first month was signifi- 
cantly less than in the case of unsprayed 
plants (table 4). Plots sprayed at the 
rate of { pound per acre recovered, and 
following the first month after treatment 
they produced an amount of clippings 
equal to or slightly greater than that 
from the unsprayed plots. Cuttings from 
plots sprayed at the ratés of 13, 2}, and 
3 pounds per acre weighed 6.7, 10.4, and 
19.3% less, respectively, than those cut 
from unsprayed plots during the fourth 
month after treatment. 


ESTABLISHED TURF 


MeEtHopDs.—On March 26, 1945, an 
area of turf having a uniformly mixed 
stand of the three species of grass—red- 
top, creeping red fescue, and Kentucky 
bluegrass—was selected and marked off 
into thirty parallel strips 2 feet wide and 
25 feet long. Treatments consisted in 
spraying the individual strips with a 
water mixture containing 0.1% of the 
acid and 0.5% Carbowax 1500 at the 
same equivalent rates as were used in the 
previous greenhouse experiments—o, 3 
14, 2%, and 3 pounds per acre. The vati- 
ous treatments were assigned at random 
to the plots so as to make six randomized 
blocks. 

A hand-pressure knapsack sprayer was 
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used in applying the treatment, and ply- 
board shields were held along the sides of 
each area as it was being sprayed to 
avoid drift of the mixture. All weeds on 
the entire area were removed by hand at 
the beginning of the experiment to elimi- 
nate competition between the weeds and 
grass and to make it possible to observe 
the direct effect of the acid on growth of 
the grass. 

At intervals of several weeks, a strip 
18 inches in width was mowed lengthwise 
through the middle of each plot, the 
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following this period there was no con- 
sistent difference between these two 
treatments. The total weight of clip- 
pings obtained from plots sprayed with 
an equivalent of { pound per acre over a 
6-month period was not appreciably less 
than of those from the unsprayed plots. 

During the 6-month period following 
treatment, the total weight of clippings 
from plots sprayed at the rate of 14 
pounds per acre was 11.6 % less than that 
produced by the unsprayed plots. The 
growth of grass on plots sprayed with 


TABLE 5 
AVERAGE FRESH WEIGHT IN GRAMS OF CLIPPINGS FROM GRASS TURF COMPOSED OF KENTUCKY BLUE- 
GRASS, CREEPING RED FESCUE, AND REDTOP, COMPARED WITH THAT FOR AREAS OF EQUAL SIZE 
SPRAYED WITH AQUEOUS MIXTURE CONTAINING 0.1% 2,4-DICHLOROPHENOXYACETIC ACID AND 


0.5% CARBOWAX 


DAYS AFTER TREATMENT 


RATE OF TREATMENT 
(EQUIVALENT LB. 


PER ACRE) . 

15 37 52 75 

Rene suite sraeaivia 510 445 458 424 
Z. 381 506 525 475 
1} 349 420 478 370 
ay. 339 300 507 470 
oe 344 352 479 432 


mower being equipped with a grass 
catcher. The weights of the clippings 
were recorded immediately after cutting. 
The entire area was mowed evenly after 
the clipping samples had been taken. 
ResuLts.—Grass in the treated plots 
showed no apparent signs of injury, but 
weights of clippings taken 18 days follow- 
ing treatment indicated that the growth 
of plants treated with even the lowest 
spray concentration (equivalent to § 
pound per acre) was significantly less 
than that of the untreated plants (ta- 
ble 5). During the second month after 
treatment, clippings from plots sprayed 
with an equivalent of $ pound per acre 
weighed approximately 14.6% more than 
did those from the unsprayed plots; but 


7 ToTAL 
88 102 126 151 155 
390 482 423 877 | 269 4284 
328 457 353 842 | 274 4141 
311 417 351 823 268 3787 
305 425 348 717) 395 3836 
340 405 373 779 267 3831 


greater amounts of the acid (23 and 3 
pounds per acre) was not consistently 
different throughout the experiment 
from growth on those sprayed with 13 
pounds per acre. In all cases the treat- 
ment caused an initial depression in the 
rate of growth. This depression gradually 
disappeared, and at the end of approxi- 
mately 2 months there was no significant 
difference between the weights of clip- 
pings from the treated and those from 
the untreated plots. 

During the latter part of the 6-month 
period following treatment, weed seed- 
lings grew in the control plots but not in 
any of the treated ones. In September, 
6 months after treatment, the grass and 
weed leaves in samples of clippings from 
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the unsprayed plots were separated. The 
weights of the weed clippings in six repli- 
cated unsprayed plots were 32, 34, 32, 
30, 31, and 30% of the total weight of 
clippings from each plot, respectively, 
while the weight of weed leaves in clip- 
pings from all other treatments was esti- 
mated to be only a fraction of 1% of the 
total weight of the samples, since only a 
few weed leaves were found in some of the 
samples of grass taken from the treated 
plots, while others were completely free 
of weeds. 


Discussion 


In previous experiments (3, 5), satis- 
factory stands of Kentucky bluegrass 
seedlings were established in lawn areas 
by broadcasting the seeds just prior to 
spraying with a water mixture of 2,4-di- 
chlorophenoxyacetic acid in the fall. 
These earlier results indicated that at 
least some of the seeds sown on a well- 
established lawn at the time of spraying 
may germinate and grow. The number 
which become established, however, may 
depend somewhat on protection from the 
spray mixture that is afforded to the 
seeds and soil by leaves of grass and 
weeds present on the area at the time of 
treatment. Results of the present experi- 
ments indicate that it is somewhat more 
difficult to establish seedling grass plants 
in bare soil that has been sprayed than 
it is in unsprayed soil. 

The detrimental effects of the spray 
mixtures on soil were not persistent un- 
der greenhouse conditions, however, 
since seeds of the three species of grass 
germinated readily and became estab- 
lished when planted in the soil 5 weeks 
after its surface had been sprayed. In ex- 
periments reported by others (2), seeds 
of several crop plants sdwn in soil 58 days 
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after it was treated with 2,4-dichloro- 
phenoxyacetic acid germinated readily 
and the plants grew vigorously. Also, 
seeds of Kentucky bluegrass became es- 
tablished in a lawn area that had been 
treated with the acid 54 days earlier. 

Effort should be made to avoid spray- 
ing the acid mixture directly onto fallow 
soil in which grass seedlings are to be es- 
tablished soon after treatment. On the 
basis of the present experiments it would 
appear that a satisfactory stand of new 
grass can be more readily obtained if the 
seeds are planted 4-6 weeks after treat- 
ment, rather than if planted at the time 
the spray treatments are applied. 

The species of bentgrass used respond- 
ed somewhat differently from bluegrass, 
fescue, and redtop when the leaves were 
sprayed with the mixture, in that it 
showed outward signs of the detrimental 
effect of the acid and its growth was 
markedly suppressed, while other grasses 
(bluegrass, fescue, and redtop) did not 
change appreciably in appearance as the 
result of treatment, and their growth was 
only temporarily inhibited. Of course, 
the results obtained under the conditions 
of these experiments might vary, depend- 
ing upon the strains of grasses used, the 
season of the year, and the weather con- 
ditions under which the plants were 
grown. It should also be mentioned that 
the effect on the growth of the grass owing 
to the elimination of weed competition 
through the herbicidal effects of the 
treatment has not been studied, since all 
weeds were removed from both treated 
and untreated areas at the beginning of 
the experiments. 

The observed depression of growth of 
grasses as a result of application of the 
acid to their leaves would appear to be of 
little practical consequence, in so far as 
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grass plants not used as forage are con- 
cerned. Further experiments are neces- 
sary to determine the significance of the 
effect of the acid on the productivity of 
pastures or range areas where the chemi- 
cal might be used for herbicidal purposes. 
The results of these experiments, how- 
ever, indicate that the depressing effects 
on relatively mature grass are not last- 
ing; and where weeds in pastures or 
range areas seriously reduce the amount 
of grass produced, it would appear fea- 
sible to eliminate them by the use of 2,4- 
dichlorophenoxyacetic acid. 


Summary 


1. Potted soil in which Kentucky blue- 
grass, redtop, and creeping red fescue 
grass seeds had been planted was sprayed 
with a water mixture containing 0.1% 
2,4-dichlorophenoxyacetic acid and 0.5% 
Carbowax 1500 at rates equivalent to 3, 
15, 2}, and 3 pounds of the acid per acre. 
The treatments reduced the number of 
redtop seedlings that appeared by 28, 83, 
83, and 95%, respectively. A slightly 
greater number of fescue seedlings 
emerged from the soil sprayed at rates 
equivalent to { and 13 pounds of acid per 
acre, while the heavier applications re- 
duced emergence by 10 and 17%, in com- 
parison with the unsprayed soil. Fourteen 
per cent more bluegrass seedlings ap- 
peared in the soil sprayed at a rate equiv- 
alent to ¢ of a pound per acre than 
emerged in unsprayed soil. The heavier 
applications reduced the emergence of 
bluegrass by as much as 32% below that 
of untreated soil. 

2. Grass seedlings that became estab- 
lished in soil sprayed with various 
amounts of the water mixture of the acid 
were allowed to grow under greenhouse 
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conditions for a period of 14 weeks, and 
their rate of growth was measured each 
week by means of weights of leaf clip- 
pings. Weights of clippings from plants 
of all three species in treated soil were 
less than those from the same species 
grown in untreated soil. Each of the 
three species, however, showed a tend- 
ency to recover from the effects of the 
sprays. Judging by weights of clippings, 
the grass seedlings in soil treated with 
? and 13 pounds per acre had recovered 
after 5-11 weeks, but at the heavier rates 
(2{ and 3 pounds) per acre the grass was 
still retarded in growth after 14 weeks. 

3. The detrimental effects of the acid 
in the soil were only temporary, since 
redtop, fescue, and bluegrass seeds ger- 
minated and the seedlings became estab- 
lished in treated soil as readily as in un- 
treated soil, when the seeds were planted 
5 weeks after the soil was sprayed. 

4. The growth of well-established 
creeping bentgrass was depressed by 
spraying with the water mixture at rates 
equivalent to ?, 13, 2}, and 3 pounds of 
the acid per acre. Plants sprayed at 
rates equivalent to ? and 13 pounds per 
acre recovered during a period of 3-4 
months following treatment. 

5. The appearance of turf growing 
out-of-doors and made up of Kentucky 
bluegrass, creeping red fescue, and redtop 
was unchanged after application as a 
water spray at rates equivalent to #, 15, 
2t, and 3 pounds per acre. Weight of 
clippings was reduced, however, during 
a period of 1-2 months after treatment, 
but after this interval there was no differ- 
ence between the growth of sprayed and 
unsprayed plots. 

BUREAU OF PLANT INDusTRY, SOILS 
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EFFECT OF GROWTH-REGULATING SUBSTANCES ON 
THE DEVELOPMENT OF APPLE SCALD 


HAROLD A. SCHOMER AND PAUL C. MARTH" 


Introduction 

During an investigation by C. L. 
HAMNER and the senior writer concern- 
ing the effects of growth-regulating sub- 
stances on the keeping quality of apples 
in cold storage, it was observed that the 
treated fruits developed considerably 
less scald than the untreated ones during 
the storage season of 1943-44. The 
growth substances had been applied to 
the fruits after harvest and just prior to 
placing in cold storage. The effects of the 
treatments were significant enough to 
warrant further investigation in the stor- 
age season of 1944-45. The results re- 
ported here for these two seasons are 
considered preliminary, but they show a 
positive effect of treatment and are in 
sufficient agreement to warrant a report 
at this time. 

Methods 

Apple varieties used in the investiga- 
tion for the 1943-44 season were Grimes 
Golden, Stayman Winesap, and York 
Imperial. In the 1944-45 season the first 
two varieties were used, and Arkansas 
(Mammoth Black Twig), a variety espe- 

t Associate Physiologist and Physiologist; Bureau 
of Plant Industry, Soils, anf Agricultural Engineer- 


ing, Agricultural Research Administration, U.S. De- 
partment of Agriculture, Beltsville, Maryland. 


cially susceptible to scald, was substitut- 
ed for York Imperial. 

In treating the fruits, duplicate lots of 
approximately 1 bushel selected at ran- 
dom from the entire bulk of material 
were used for each treatment. The treat- 
ments were applied by two methods: (a) 
as a dip, which was a lanolin emulsion 
containing varying amounts of the dif- 
ferent growth substances; and (6) as an 
aerosol, applied by the use of a liquefied 
gas containing the chemical in solution(s). 

The lanolin emulsion for the dip treat- 
ments was prepared in lots of 1o liters 
each and contained 4 gm. of pure lanolin 
per liter. In preparing the emulsion, 7.5 
gm. of stearic acid was melted in too ml. 
hot water and 2.7 gm. of trimethanola- 
mine added while stirring. Forty grams 
of previously melted lanolin was then 
added and the mixture stirred vigorously 
until cool. Water was added to the thick 
emulsion, slowly at first, with constant 
stirring, until the 10 liters were obtained. 
In preparing the final mixtures for dip- 
ping, the growth substances were first 
dissolved in 95% ethy] alcohol in the pro- 
portion of 1:10, and the necessary quan- 
tities of the alcoholic solution were added 
to the prepared lanolin emulsion to give 
the desired concentrations. Each growth 
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substance (or a mixture of them) was ap- 
plied in one or all of three concentrations, 
the total amount of the substances pres- 
ent being 10, 100, and 500 p.p.m., re- 
spectively. Following treatment, the 
fruits were allowed to dry and were 
placed in boxes in 31° F. storage for a 
period of 4-5 months. 

The growth substances used were 
a-naphthaleneacetic acid, B-indolebu- 
tyric acid, and a mixture in equal parts of 
these two acids, plus 8-naphthoxyacetic 
acid and a-naphthalene acetamide. 

For the aerosols, dimethyl ether (b.p. 
— 27°C.) was used as the volatile solvent. 
In each instance the aerosol mixture con- 
sisted of 1% of the growth substance, 
10% of cyclohexanone as solvent, and 
89% of dimethyl ether as the volatile 
agent. The fruits to be treated were 
spread on a drying screen and the aerosol 
was directed on them from above and 
below to insure complete coverage. 

In classifying the scalded fruits, three 
arbitrary degrees of severity of scald 
were designated as slight, medium, or se- 
vere. Slight scald denoted discoloration 
of a mild intensity, or that a very small 
area was affected on the individual 
fruits, the disorder being considered so 
slight as to be unobjectionable. Medium 
scald denoted moderate discoloration, 
such that the fruits would probably be 
discriminated against on the market. 
Severe scald indicated fruits that were 
decidedly objectionable, the scalded area 
including 50% or more of the fruit sur- 
face. Figure 1 illustrates three lots of 
fruits sorted into four grades (sound, and 
the three degrees of scald). 


Results 


ARKANSAS (MAMMOTH BLACK TwiIc) 
EXPERIMENTS, 1944-45 


During the 1944-45 season, the most 
striking results were obtained with the 
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Arkansas variety. The fruit was harvest- 
ed October 19, 1944, and placed at 31° F. 
for 5 days until treated on October 24. 
On April 18, 1945, the fruits were re- 
moved from cold storage and placed at 
70 F. for 7 days to allow time for maxi- 
mum scald development. Final examina- 
tion for scald was made on April 25. Con- 
siderably less scald was found in all lots 
treated with the compounds than in the 
check lots (table 1). On the basis of scald 
development, the best treatment con- 
sisted of the lanolin emulsion containing 
100 p.p.m. a-naphthaleneacetic acid. 
Fruits receiving this treatment were 
33.1% sound and 33.7% slightly scalded, 
as compared with the check (untreated) 
fruits in which only 9.1% were sound and 
15.6% slightly scalded. Medium and se- 
vere scald in these same lots were, re- 
spectively, 22.3 and 9.0% in the treated 
fruits and 19.9 and 49.9% in the un- 
treated. Little difference was found in 
the percentages of sound and slightly 
scalded fruits among the different treated 
lots. The lanolin emulsion without 
growth regulatars also showed a tend- 
ency to reduce scald development, as in- 
dicated in table 1 and figure 1. 

From these results it may be seen that 
the intensity of scald development, as 
well as the total number of fruits affected 
by the disorder, was reduced by treat- 
ment with growth-regulating substances. 


STAYMAN WINESAP EXPERIMENTS 
1943-44 AND 1944-45 


Although a marked reduction in scald 
development was obtained on Stayman 
Winesap apples in both storage seasons, 
the degree of scald reduction differed con- 
siderably. The variance in response may 
have been due to differences in maturity 
of the fruits when picked, to different 
sources of the material, or to delay in 
treating the fruits after harvest (1-3). 





F1G. 1.—Scald development on Arkansas apples at end of storage period on April 25, 1945 


sound; B, slightly scalded; C, moderately scalded; D, severely scalded. Upper row, untreated 
fruits. Middle row, fruits dipped in lanolin emulsion. Lower row, fruits dipped in lanolin emulsion 
containing 500 p.p.m. a-naphthaleneacetic acid. 
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Fruit for the 1943-44 storage season 
was picked on October 10, 1943, from an 
orchard near Mt. Jackson, Virginia. It 
was held for 5 days at 31° F. prior to 
treatment on October 15. Following 
treatment, the apples were held in 31° F. 
storage until April 21, when they were 
removed to 70 F. and held for 7 days 
before final examination on April 28. It 
was on the treated fruits of this lot that 
the first observations were made of strik- 


‘ SounD 
TREATMENT : 
| FRUIT (%) 
Naphthaleneacetic acid (in Jano- 
lin emulsion) 

10 p.p.m... 24.6 
100 p.p.M.... 33-1 
500 p.p.m..... 30. 3 
1% aerosol. ... ‘ 43.3 

Mixture* 
100 p.p.m. in lanolin emulsion. $3.3 
1% aerosol. . .. ; i 27.5 
Lanolin emulsion only........ 16.0 
Check (untreated) ee 9.5 


in lanolin emulsion or in aerosol. 


ing scald reduction due to the com- 
pounds. In these preliminary investiga- 
tions three concentrations (10, 100, and 
500 p.p.m.) in lanolin emulsion of naph- 
thaleneacetic acid, of indolebutyric acid, 
and of the mixture of four growth sub- 
stances were employed. All treatments 
resulted in less scald than occurred in the 
untreated control. Little variation in the 
percentage of scalded fruits, due to vary- 
ing concentrations of the growth regula- 
tors, was found. The average percentages 
of scalded fruits of all lots treated with 
naphthaleneacetic acid, indolebutyric 
acid, and the mixture were 21.5, 25.6, and 
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17.2, respectively; in contrast, compa- 
rable untreated fruits were 62.3 scalded. 
The percentages of sound fruits for the 
same treatments were 70.7, 67.5, and 
75-4, respectively, whereas the control 
fruits were 31.1% sound. 

In the 1944-45 season the fruit was 
harvested on the Plant Industry Station 
grounds at Beltsville, Maryland, on 
October 8, 1944, and stored at 31° F. for 
16 days prior to treatment on October 


TABLE 1 
EFFECT OF GROWTH-REGULATING SUBSTANCES ON SCALD DEVELOPMENT ON ARKANSAS 
(MAMMOTH BLACK TWIG) APPLES, 1944-45. FRUITS TREATED AND STORED AT 31° F. 
ON OCTOBER 24, 1944; REMOVED FROM COLD STORAGE ON APRIL 18, 1945, AND PLACED 
AT 70° F. FOR 7 DAYS PRIOR TO MAKING FINAL SCALD RECORDS 


PERCENTAGE SCALD 








TorTaL 

DECAY ( ) 
Slight Medium Severe 
37-7 17.5 11.6 8.2 
ae 22.3 9.0 2.0 
33-3 16. 2 16.8 3-3 
34-3 29.7 10.5 4.2 
34-3 17-5 14.2 2.7 
35-4 19.9 15.2 2.0 
21.5 19. 5 40.4 2.0 
15.6 | 19.9 49.9 *% 


* Equal parts of naphthaleneacetic acid, indolebutyric acid, naphthoxyacetic acid, and naphthalene acetamide, 


24. Final examination of the fruits was 
made April 6, after they had been held 
for 1 week at 70° F. to allow time for 
maximum scald development. The great- 
est scald reduction was obtained with 
naphthaleneacetic acid at 500 p.p.m. in 
lanolin emulsion (table 2). The effective- 
ness of this substance declined with de- 
crease in concentration. The mixture of 
the four growth substances in lanolin 
emulsion was somewhat less effective 
than the same concentration (100 p.p.m.) 
of naphthaleneacetic acid used alone, 
while the mixture used as aerosol pro- 
duced no reduction in scald. Consider- 
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able injury was produced by the aerosol 
application, with subsequent decay of 
fruits, a number of which otherwise 
might have been classified as free from 
scald. Some scald reduction was pro- 
duced by the lanolin emulsion alone, but 
incidence of decay was very high from 
this treatment, owing chiefly to one of 
the duplicate lots in which 51% of the 
fruits showed some decay. No explana- 
tion can be given for the high percentage 
in this lot. 
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check and a second check lot dipped ina 
lanolin emulsion completed this test. The 
apples were picked September 15, treated 
and placed in storage at 31° F. on Sep. 
tember 16, and examined for scald op 
January 11, after 1 week at 70° F. 
Although the percentages of sound 
(not scalded) fruits did not vary greatly 
between the treated and untreated lots 
(8.6 and 9.3%, respectively), the in- 
tensity of the scald was reduced by treat- 
ment, so that the average percentage of 


TABLE 2 
EFFECT OF GROWTH-REGULATING SUBSTANCES ON SCALD DEVELOPMENT ON STAYMAN 
WINESAP APPLES, 1944-45. FRUIT HARVESTED OCTOBER 8, 1944; STORED AT 31° F. FOR 
16 DAYS; TREATED AND RE-STORED AT 31° F. OCTOBER 24; REMOVED FROM STORAGE 
MARCH 31, 1945; PLACED AT 70° F. FOR 7 DAYS AND EXAMINED FOR FINAL SCALD DE- 


VELOPMENT APRIL 6 


- SouND 
TREATMENT 
FRUIT (°%) 
| 
Naphthaleneacetic acid (in lano-| 
lin emulsion) | 
FO DDN: 52 oo 5+: 29. 5 
100 p.p.m.. 35.6 
500 p.p.m. 44.1 
1% aerosol. . 29.7 
Mixture* 
100 p.p.m.in lanolin emulsion.! —_29. 8 
195 aeronol, 3s 2. 53%: 20.4 
Lanolin emulsion only. . 43.1 
Check (untreated). 20. 5 


PERCENTAGE SCALD 








= ToTAL 
| | DECAY (%) 
Slight | Medium Severe 
12.6 | 23.7 24.5 9.7 
11.9 | 20.6 | 14.9 17.0 
14.2 | 20.4 | 7.8 13.5 
13-9 | 21-7 | 13-7 21.07 
10:7 7.2 | 24.3 12.0 
14.7 19.6 | 18.6 26. 77 
12.7 16.3 | 31.9 33-7 
19.8 31.0 | 17-5 21,2 


* Equal parts of naphthaleneacetic acid, indolebutyric acid, naphthoxyacetic acid, and naphthalene acetamide, 


in lanolin emulsion or in aerosol. 


t Includes fruits injured by aerosol spray, too much solvent having been applied. 


GRIMES GOLDEN AND YORK IMPERIAL 
EXPERIMENTS, 1943-44 AND 1944-45 


Grimes Golden apples that were treat- 
ed with growth substances had consist- 
ently less scald than the untreated 
checks, although the reduction of scald 
was not so great as that found in the 
Arkansas and Stayman Winesap vari- 
eties. The only treatments applied to 
Grimes Golden during the 1943-44 sea- 
son were three concentrations of the mix- 
ture of growth substances. An untreated 


severely scalded fruits in the treated lots 
was 40.5 and in the untreated lots 61.9. 
Furthermore, the percentages of fruits 
with slight and medium scald averaged 
20.9 for the treated lots and 8.6 for the 
untreated check. As was found with the 
other varieties, treatment with lanolin 
emulsion without growth substances 
tended to reduce the intensity of scald on 
Grimes Golden. Similar results were ob- 
tained on Grimes Golden during the 
1944-45 season, the chief effect of the 
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treatments being to bring about a reduc- 
tion in the severity of the scald. 

Scald development was light on both 
the treated and untreated lots of the 
York Imperial variety for the 1943-44 
season, and no attempt was made to 
classify according to degree of scald. The 
untreated check lot had the greatest per- 
centage of scalded fruits, 13.1% showing 
some degree of the disorder. The average 
percentages of scalded fruits in the treat- 
ed lots were as follows: naphthaleneacetic 
acid 9.7, indolebutyric acid 7.1, and the 
mixture 5.1. Thus, the reduction of scald, 
although slight, was consistent for all 
treatments. 

The use of lanolin emulsion for appli- 
cation of the growth substances did not 
seem to affect decay development in the 
fruits of any variety, the total decay for 
the lanolin-dipped fruits in all the ex- 
periments being 10.0% as compared 
with 12.0% for the untreated. Injury oc- 
curred in some instances where the aero- 
sol vapor was used, probably because an 
excessive amount of the cyclohexanone 
solvent was applied during treatment. 
Pathogens readily invaded these injured 
areas, with the result that a high percent- 
age of decay occurred. 

The lanolin emulsion alone usually ef- 
fected a slight reduction in scald. Fig- 
ure 1 illustrates a lot of Arkansas apples 
dipped in lanolin emulsion in comparison 
with an untreated lot and with a lot 
dipped in lanolin emulsion containing 
500 p.p.m. naphthaleneacetic acid. 


Discussion 


Growth-regulating chemicals applied 
to apples to prevent pre-harvest drop 
may affect their storage quality indirect- 
ly because of the more advanced matu- 
rity of later pickings made possible by the 
sprays. HALLER (4), however, found that 
a-naphthaleneacetic acid when applied 
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to the trees as a pre-harvest spray had no 
effect on the firmness of the fruit or on 
the development of decay, breakdown, 
or scald during subsequent storage when 
sprayed were compared with unsprayed 
apples picked at the same time. 

Acceleration of ripening of several 
kinds of fruits due to growth substances 
applied after harvest has been reported 
by MircHett and Marta (6), and the 
effect of these substances in reducing 
apple scald may have been associated 
with their effect on the rate of ripening, 
since it is known that the incidence of 
scald is less on mature than on immature 
fruits (1-3). 

In this investigation, less scald oc- 
curred on apples treated with growth 
substances than on the untreated fruit. 
Also, the various varieties tested re- 
sponded differently, the most striking re- 
sults being obtained with Arkansas. 
This does not necessarily mean that the 
growth-regulating compounds are more 
effective on Arkansas; a number of un- 
controlled factors, such as varietal sus- 
ceptibility to scald, maturity of fruit 
when picked, and delay before treatment, 
may all have contributed to the results 
obtained. 

All the growth substances employed 
had a similar effect on scald, no one com- 
pound being obviously superior to an- 
other. In all probability, more effective 
chemicals or combinations of them for 
reducing scald may be found. 

Although the application of these 
growth substances has not decreased 
scald development to a satisfactory de- 
gree, it has given sufficient promise to en- 
courage further investigation of the 
problem. 

Summary 

1. Experiments were conducted on 
apples during the 1943-44 and 1944-45 
storage seasons to determine the effect 
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of growth-regulating substances on de- 
velopment of fruit scald. 


2. Two substances, a-naphthalene- 
acetic acid and 6-indolebutyric acid, and 
a mixture consisting of equal parts of 
a-naphthaleneacetic acid, a-naphthalene 
acetamide, 6-naphthoxyacetic acid, and 
B-indolebutyric acid were tested at 10, 
100, and 500 p.p.m. concentration in 
lanolin emulsion (0.4% lanolin) on fruits 
of Arkansas (Mammoth Black Twig), 
Stayman Winesap, Grimes Golden, and 
York Imperial varieties. The fruits were 
treated after harvest and prior to 31° F. 
storage by dipping in lanolin emulsion 
containing the various growth regulators 
or by using a liquefied-gas aerosol of the 
substance. The amount of scald develop- 
ment was noted at the end of the storage 
season of each variety after the fruits had 
been held for 7 days at 70° F. to allow 
time for maximum scald development. 
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3. Treatment resulted in consistently 
less scald than on untreated fruit. The 
greatest reduction occurred on the Ar. 
kansas variety, where there was an aver- 
age of 24% more unscalded fruits in the 
treated than in the untreated lots. Legs 
marked reduction occurred on Stayman 
Winesap, Grimes Golden, and York Im 
perial. 

4. No appreciable differences were 
noted between the various compounds 
or between the concentrations employed, 
The lanolin-emulsion dip treatments ap- 
peared to give slightly better control of 
scald than did the aerosol treatments. 

5. The decrease in scald development 
was manifest as a reduction both in se- 
verity of scald and in total number of 
fruits affected. 


BUREAU OF PLANT INDUSTRY, SOILS 
AND AGRICULTURAL ENGINEERING 
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Introduction 

In 1907, Pace (gs) discussed the de- 
velopment of the embryo sac and fertili- 
zation in four species of Cypripedium— 
C. spectabile, C. parviflorum, C. pubescens, 
and C. candidum. She claimed that, 
after the division of the megaspore 
mother cell, the upper dyad cell prompt- 
ly degenerates, while the nucleus of the 
lower cell divides twice to form four 
auclei, two lying at each pole of the sac. 
No further divisions were said to occur; 
the two nuclei at the micropylar pole 
yrganize into two synergids, and the 
chalazal pair migratés upward to form 
the egg and a polar nucleus. Subsequent- 
ly, at the time of fertilization, the nucleus 
of one of the synergids loosens itself and 
migrates downward, fusing with the sin- 
gle polar nucleus and the second male 
gamete to form the primary endosperm 
nucleus. This mode of development, 
which began to be known as the Cypripe- 
dium-type, was generally believed to be 
correct until RUTGERS (9) put forward 
some strong objections against it and 
suggested a reinvestigation. 

From a study of PAck’s illustrations, 
RUTGERS offered the following alterna- 
tive interpretation: After the 4-nucleate 
stage is reached, the upper of the two 
daughter nuclei at the micropylar pole 
divides again, resulting in the formation 
of three nuclei at this end. Of these, the 
two sister nuclei of the last division give 
tise to the two synergids and the lower 
nucleus constitutes the egg. The two 
thalazal nuclei remain undivided and 
move up to function as the polars. 

While the objections put forward by 
RUTGERS against the interpretation of 
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EMBRYO SAC AND FERTILIZATION IN CYPRIPEDIUM SPECTABILE 


B. G. L. SWAMY 


Pace are no doubt justified, his own in- 
terpretations give rise to fresh difficul- 
ties. There is not a single authentic in- 
stance to indicate that both polar nuclei 
may be derived from the same end of the 
embryo sac, nor is there any evidence 
that only one of the two micropylar nu- 
clei (at the 4-nucleate stage) may divide 
again while the other remains dormant. 
Three cases of this kind are those of 
Garcinia kydia and G. treubit studied by 
Trevus (13) and of Moringa oleifera in- 
vestigated by RutGers himself. Here 
the embryo sacs are monosporic and the 
development proceeds normally up to the 
4-nucleate stage, but only one of the 
micropylar nuclei is said to divide fur- 
ther, while the remaining micropylar nu- 
cleus and the two chalazal nuclei remain 
undivided. The resulting embryo sac is 
thus 5-nucleate. Puri (7, 8) demonstrated 
the untenability of this hypothesis and 
showed that the embryo sac is really 8- 
nucleate and develops normally, the de- 
ceptive appearance being caused by an 
early degeneration of the antipodal cells. 
The only difference between RUTGERS’ 
interpretation of Pace’s figures and his 
own account of Moringa—as well as that 
of TrEuB on Garcinia— is that in Cypri- 
pedium we are dealing with a bisporic 
embryo sac and in the other two genera 
with a monosporic one. RUTGERS, how- 
ever, admits that his interpretation of 
Pacr’s figures is “a possible explana- 
tion” and not a “decision,” which can 
only be arrived at by a reinvestigation. 

PROSINA (6) investigated C. guitatum 
and found that the embryo sac develops 
according to the Alliwm-type, and also 
that the primary chalazal nucleus may 
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either remain undivided or divide only 
once, so that the chalazal part has only 
one or two nuclei instead of the normal 
four. Fertilization is reported as normal. 
FRANCINI’s (2) studies on some species 
of Paphiopedilum, another genus of the 
Cypripedilinae, show a similar type of 
development. 

In view of these differences and un- 
certainties, SCHNARF (10-12) and Ma- 
HESHWARI (4) suggested a reinvestiga- 
tion of the species studied by Pace. This 
seems to have been undertaken by CARL- 
SON (1), but the only paper so far pub- 
lished by her’ does not contribute much 
toward the solution of the problem—be- 
yond her statement that in many of 
her preparations she saw more than four 
nuclei in the embryo sac. 


Material | 


When the late Professor M. A. SAM- 
PATHKUMARAN returned to India from 
Chicago about the year 1918, he brought 
with him some inbedded material of C. 
spectabile, which he very kindly turned 
over to the writer shortly before his 
death. From the label on the wrapper I 
gather that it was given to him by the 
late Professor C. J. CHAMBERLAIN when 
he was a student of the latter at the Uni- 
versity of Chicago. As C. spectabile hap- 
pens to be one of the species on which 
Pace based her original observations 
and interpretations, I gladly undertook 
to reinvestigate it and record here my ap- 
preciation of the opportunity afforded 
by this material. 


Observations 


My observations on the structure of 
the ovule and the development of the 
embryo sac up to the 2-nucleate stage 

"Since this paper by Swamy was accepted for 


publication, an article on Cypripedium has ap- 
peared by CARLSON (Bor. Gaz. 107:107-114. 1945). 
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are in close agreement with those of 
Pace. The megaspore mother cell on 
division gives rise to two dyad cells, of 
which the upper regularly degenerates 
while the nucleus of the lower divides to 
form two nuclei unseparated by a wall 
or membrane (fig. 1). These move apart 
to opposite poles, and, at the time they 
embark upon the next division, a large 
vacuole makes its appearance in the cen- 
ter of the sac (fig. 2). Frequently the 
primary micropylar nucleus divides first, 
while the chalazal one remains dormant 
for some time (fig. 3). Usually the latter 
divides only once (fig. 4); one of the two 
daughter nuclei then functions as the 
lower polar nucleus and the other is to 
be regarded as the single antipodal. In 
rare cases one or both nuclei were found 
to go through the next division, forming 
three or four nuclei at the chalazal end. 
In the latter case three antipodals can 
be seen in the lower end of the embryo 
sac (fig. 6). 

The primary micropylar nucleus regu- 
larly undergoes two divisions to form 
four daughter nuclei. The two spindles 
are at right angles to each other, and the 
available evidence indicated that the 
two synergids on the one hand and the 
egg and upper polar nucleus on the other 
are formed from sister nuclei. 

The two polar nuclei usually fuse be- 
fore fertilization (fig. 5). In a few cases 
both the chalazal nuclei, one being the 
lower polar nucleus and the other the 
single antipodal, were found lying in close 
juxtaposition with the upper polar nv- 
cleus. 

The pollen tube enters the micropyle 
and touches the embryo sac close to the 
point of insertion of the egg apparatus. 
Here it pierces the embryo-sac mem- 
brane, demolishing one of the synergids 
lying in its way and discharging the two 








(BER 


a 
. ON 
3, of 
‘ates 
Ss to 
wall 
part 
they 
jarge 
cen- 
~ the 
first, 
nant 
atter 
> two 
; the 
is to 
Hl. In 
ound 
ming 
end. 
5 can 
rbryo 


regu 
form 
indles 
id the 
t the 
id the 
other 


se be- 
cases 
ig the 
er the 
n close 
ar nu- 


ropyle 
to the 
aratus. 

mem- 
rergids 
he two 








7 


Fig. 2, division of two nuclei of embryo sac. Fig. 3, division of 
alazal nucleus stili in resting stage. Fig. 4, 6-nucleate 
Fig. 6, double fertilization. Fig. 7, first division 


Fics. 1-7.—Fig. 1, 2-nucleate embryo sac. 
primary micropylar nucleus completed, primary ch 
embryo sac. Fig. 5, mature embryo sac after polar fusion. 
of zygote; note persistence of both synergids in this case. 
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sperm nuclei into the sac. The other 
synergid persists for a while, and in rare 
cases both synergids seemed to remain 
intact for some time (fig. 7). Particular 
attention was paid to ascertain whether 
one of the synergid nuclei migrated 
downward to take part in triple fusion, 
as supposed by Pace, but no such evi- 
dence could be found. Figure 6 shows 
that double fertilization takes place nor- 
mally. 


Summary 


1. The embryo sac of Cypripedium 
spectabile develops according to the 
Allium-type; and up to the 2-nucleate 
stage, my observations are in agreement 
with those of Pace. 

2. The primary micropylar nucleus 
now divides twice to form the four mi- 
cropylar nuclei, which typically organize 
into two synergids—the egg cell and the 
upper polar nucleus. The primary chala- 
zal nucleus usually divides only once, 
but sometimes one or both of the result- 
ant nuclei divide once again, resulting in 
6-, 7-, or 8-nucleate embryo sacs of the 
kind seen in many other members of the 
Orchidaceae and certain of the Alisma- 
ceae (3). In all cases one nucleus from 
the chalazal group functions as the lower 
polar nucleus. The respective interpreta- 
tions of PACE, RUTGERs, and the writer 
are shown in figure 8. 
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3. No indication could be found in 
favor of PAcE’s supposition that during 
fertilization one synergid nucleus moves 
downward and enters into triple fusion 
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Fic. 8.—Diagrammatic representation of mode 
of development of embryo sac of Cypripedium, 
according to the interpretations of A, PACE (1907); 
B, RutGERsS (1923); and C, present writer. 


with the polar nucleus and the second 
male gamete. 


Acknowledgment is due Dr. P. Ma- 
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ance and valuable suggestions. 
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CURRENT LITERATURE 


Physical Chemistry of Cells and Tissues. By Rv- 
pOLPH HOBER; with the collaboration of DAvip 
I. Hircucock, J. B. BATEMAN, Davip R. Gop- 
DARD, and WALLACE O. FENN. Philadelphia: 
Blakiston Co., 1945. Pp. 676. Illustrated. $9.00. 
The reappearance in completely new form of 

Hoser’s well-known work, Physikalische Chemie 

der Zelle und der Gerwebe, the last edition of which 

was published in 1926, is important to all who need 
to interpret the behavior of living cells or organisms 
in terms of physico-chemical principles. 

This new book is written in eight sections, each 
the work of one of the five authors: Professor HOBER 
himself, Davip I. Hircucock, J. B. BATEMAN, D. 
R. GoppARD, and W. O. FENN, who have combined 
to cover this extensive field of knowledge. 

The first two sections treat concisely the physico- 
chemical principles which bear upon cellular phe- 
nomena. The emphasis here is upon the great strides 
made in the last decades in the elucidation of the 
submicroscopic structure of matter and the nature 
of the forces which bind particles together to form 
the units, large and small, the fibers, fibrils, surface 
films, and membranes which constitute the building 
units from which cellular architecture is derived. 
Diffusion, reaction velocities, the elements of 
thermodynamics, the properties of solutions, and 
the principles which underlie the phenomena of 
bioelectric potentials are all concisely reviewed. 

Sections 3, 4, and 5, written by HOBER himself, 
are concerned with the permeability properties of 
cells, and here the illustrative material is drawn in 
large part from the study of plant cells and includes 
a synopsis of the definitive works of COLLANDER 
and his school. The evidence which has made it 
necessary to visualize the surface of the protoplast 
as partaking simultaneously of permeability proper- 
ties due to lipoid solubility and of properties due to 
passive diffusion through minute water-filled pores 
is reviewed. 

Cell respiration is a field in which the student 
and the investigator must often ignore the some- 
what arbitrary division between animal and plant 


material. The section devoted to a condensed re- 
view of this aspect of the subject is particularly in- 
teresting because it leads up to the final sections, 
which deal with mechanisms by which cells and 
tissues utilize their energy of metabolism to per- 
form work. 

The section dealing with contractile tissues in 
general, and muscle in particular, is naturally con- 
cerned almost wholly with animal systems; but the 
newer trends in this extensive subject are of interest 
to botanists, inasmuch as they indicate the possi- 
bility that the energy used by muscle in the per- 
formance of external work may be localized in spe- 
cific reactions, and there is evidence that the energy 
liberated by oxidation may be stored up in phos- 
phorylated compounds and transferred from com- 
pound to compound with the “high-energy phos- 
phate” grouping. 

H6BeEr’s concluding section, which deals with 
problems of “‘active transport” in plant and animal 
systems, is the climax of the book. After surveying 
the field, H6BER authoritatively recognizes that it is 
a widespread function of living cells to “secrete” 
water or salts in a manner which demands that they 
must use energy to perform osmotic work. ‘“‘Secre- 
tion” by the plant protoplast internally to the 
vacuoles is a classic case in point. This important 
problem in plants is treated as part of an even more 
general one, of which other examples are drawn 
from a wide range of biological systems. In all of 
them, however, the basic problem remains the same 
—how is the energy of metabolism used to perform 
osmotic work? 

This book constitutes the most authoritative 
recent account of cells and tissues regarded as 
physico-chemical systems. Doubtless it will be 
freely consulted by cell physiologists for a long time 
to come. The subject matter, compactly contained 
in 635 pages, is liberally indexed and supplied with 
references to recent literature, either as footnotes or 
in lists of general references at the end of chapters, 
and the book itself is attractively produced.— 
F. C. STEWARD. 
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Fungicides and Their Action. By James G. HorSFALL. 
Waltham, Mass.: Chronica Botanica Co.; New 
York: Steckert & Co., 1945. Pp. 239. Figs. 24. 
$5.00. 


This second volume of the Annales Cryptogamici 
et Phytopathologici will be of special interest to those 
engaged in waging war against those fungi which 
injure and kill crop plants and to those interested in 
understanding the mechanisms and dynamics where- 
by fungicides bring about their injurious and killing 
effects. 

The volume carries a foreword by Davip Farr- 
CHILD, with an interesting reminiscence about the 
days when the mycological and fungicidal pattern 
of American phytopathology was set and when AL- 
FRED FIsCHER ‘denied that there are any such 
things as plant diseases caused by bacteria.”’ 

The author conceives of fungus control as war- 
fare which is confronted with two basic problems 
(a) to procure the proper materials for killing the 
enemy, and (b) to deliver them to him in sufficient 
quantity when and where he is vulnerable.” He 
focuses his task as a discussion of ‘‘these two prob- 
lems in the light of chemistry and physiology of 
toxic action and of the mechanics of application.” 
He succeeds well. 

Chapter I is devoted to a historical introduction. 
Recorded use of fungicides goes back to the ancient 
Greeks, showing how mankind often hits upon the 
right track without understanding. The ancient 
Greeks knew nothing about the enemy they were 
combating with fungicides. Chapter II takes up 
definitions and basic concepts. These non-techno- 
logical chapters are the least satisfactory part of the 
volume 

The remaining fourteen chapters present a satis- 
factory survey of the diffuse knowledge of one of the 
frontier fields of phytopathology. As the reviewer 
read these chapters he was again impressed by the 
wonderful opportunity which investigation of the 
injurious and killing effects of fungicides on fungi 
presents for study of the physics and chemistry of 
injury and death in plants. Viewed in this light, this 
volume should interest others than those profession- 
ally employed or interested in fungicidal control of 
fungus diseases in crop plants. 
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The volume closes with a comprehensive bib 
liography, a general index, and an authors’ index 
Its physical form is up to the excellent standard of 
the Chronica Botanica publications—G. K. K 
LINK. 


An Introduction to the Taxonomy and Nomenclatum 
of Fungi. By G. R. Bissy. Kew, Surrey: Imperial 
Mycological Institute, 1945. Pp. vii+117. $1.ag 


As its title suggests, this little book is intended 
primarily for students who are beginning the study 
of systematic mycology. Following a brief introdug 
tion and discussion of principles, the remainder @f 
the text is comprised under two parts—taxonomy 
and nomenclature. Under the first part a numberg@f 
suggestions, many of them based directly on 
personal experiences of the author, are presented 
such topics as equipment, collecting, examining and 
recording, culturing, naming and describing, pre 
serving, and publishing and illustrating. ; 

In part 2 are given brief discussions of categorigs 
of fungi, synonomy, types and the type me 
diagnoses, and rules. This part should prove hel 
not only to beginners but also to other botanists i 
terested in nomenclature, since the International 
Rules of Botanical Nomenclature, not r 
available in many libraries, are here peel 
full—J. M. Brat. 2 


Bibliography of References to the Literature on te 
Minor Elements, and Their Relation to Plant 
Animal Nutrition. 6th Supplement to 3d 
New York: Chilean Nitrate Educational Bureat 
Inc., 1945. Pp. 103. "7 


In this supplement are found more than 700 
stracts and references. These are concerned with 
chemical elements and 95 plants and plant gr 
The four indexes of the fifth edition—author, 
ment, animal nutrition, and botanical—are com 
tinued. The yearly issuance of the supplement] 
helpful to those wishing to keep abreast of tleh 
erature of mineral nutrition.—S. V. Eaton. 
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